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Foreword 


Robert Rosenberg’s Electric Motor Repair is a book 
which, in my opinion, meets a very definite need and will 
be enthusiastically welcomed by those who are training 
as electric motor repairmen, whether in schools or shops, 
and by all who have a hand in their training. This book 
presents an intensely practical, nonmathematical treatment 
which will serve the reader not only during his training but 
long after that; therefore a minimum of theory is included. 

I consider it a tool of the trade, as well as a text—a guide 
for the student and a part of the bench equipment of the 
apprentice and the fullfledged repairman. 

This book, with its wealth of illustrative material, can 
be used to supplement standard texts on electricity and 
electric motors or as instructional material for vocational 
and other trade schools. In the shop it will satisfy a defi¬ 
nite demand for practical reference material. The intensely 
practical arrangement of the illustrations makes the book 
continuously useful in school and shop. 

The author’s intimate knowledge of the requirements of 
the vocational school student, gained during a decade as a 
teacher, and his familiarity with the needs of those actively 
engaged in motor repairing, a result of his many years spent 
in shops, make him particularly well qualified as the author 
of a work which is intended to satisfy the needs of student 
and worker alike. The book reflects conscientious and 
painstaking research, as well as the author’s excellent teach¬ 
ing ability. 


I. DAVID COHEN, Principal 
George Westinghouse Vocational High School 
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CHAPTER I 


Split-phase Motors 

MAIN PARTS OF MOTOR 

The split-phase motor is an a-c motor of fractional-horse¬ 
power size and is used to operate such devices as washing 
machines, oil burners, and small pumps. This motor has 
four main parts. These are (1) a rotating part, called the 
r otor ; (2) a stationary part, called the stator ; (3) end 
plates, or brackets, that are fastened to the frame of the 
stator by means of screws or bolts; and (4) a centrifugal 
switch that is located inside the motor. The general ap¬ 
pearance of a split-phase motor is shown in Figure 1-1. 
This motor is generally operated from a single-phase light¬ 
ing or power circuit. 

The Rotor 

The rotor, one of which is shown in Figure 1-2, consists 
of three essential elements. One of these elements is a core 
that is made up of sheets of high-grade electrical sheet steel 
called la niinatiq ns. Another is a shaft on which the lami¬ 
nated iron core is pressed. The third element is a squirrel- 
cage winding consisting of heavy copper bars wThich are 
placed in slots in the iron core and are connected to each 
other by means of heavy copper rings located on both ends 
of the core. In many motors the rotor has a one-piece cast- 
aluminum winding. This type is shown in Figure 1-2. 

The Stator 

The stator of a split-phase motor is composed of a 
laminated iron core with semiclosed slots, a heavy cast-iron 
or steel frame into which the core is pressed, and two wind- 
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ings of insulated copper wire that are wound into the slots 
and are called the running and starting windings. A photo¬ 
graph of the stator is reproduced in Figure 1-3, and a sche¬ 
matic diagram of the two windings is shown in Figure 1-4. 
Both windings are connected to the power line when the 
motor is started; however, after the motor has reached a 
predetermined speed the starting winding is automatically 
disconnected from the power line by means of a centrifugal 
switch located inside the motor. 

The End Plates (End Shields or Brackets) 

The end plates, which are illustrated in Figures 1-5 and 
1-7, are fastened to the stator frame by means of screws 
or bolts and serve mainly to keep the rotor in position. 
The bore of the end plates, in which the rotor shaft rests, 
is fitted with either ball bearings or sleeve bearings.. These 
sustain the weight of the rotor, keep it precisely centered 
within the stator, and permit rotation without allowing the 
rotor to rub on the stator. 

The Centrifugal Switch 

The centrifugal switch is located inside the motor. Its 
function is to disconnect the starting winding after the 
rotor has reached a predetermined speed. The usual type 
consists of two main parts, namely, a stationary part 
(shown in Figure 1-6) and a rotating part. The station¬ 
ary part is located on the front end plate of the motor 
and has two contacts, so that it is similar in action to a 
single-pole, single-throw switch. The rotating part is lo¬ 
cated on the rotor, as shown in Figure 1-7. 

The action of a centrifugal switch is explained as fol¬ 
lows: Reference to Figure 1-8 shows that when the motor 
is at a standstill, the two contacts on the stationary part 
of the switch are kept closed by the pressure of the rotating 
part. At approximately 75 per cent of full speed, the 
rotating part releases its pressure against the contacts and 
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causes them to open, thus automatically disconnecting the 
starting winding from the circuit. 

In another type of centrifugal switch that is widely used 
today the stationary part consists of two copper semicir¬ 
cular segments. These are insulated from each other and 
mounted on the inside of the front end plate. The ro¬ 
tating part is composed of three copper fingers that ride 
around the stationary segments while the motor is starting. 
These parts are illustrated in Figure 1-9. At the start, the 
segments are shorted by the copper fingers, thus causing 
the starting winding to be included in the motor circuit. 
At approximately 75 per cent of full speed, the centrifugal 
force causes the fingers to be lifted from the segments, 
thereby disconnecting the starting winding from the circuit. 

OPERATION OF THE SPLIT-PHASE MOTOR 

Generally there are three separate windings in the split- 
phase motor. These windings are necessary for the proper 
operation of the motor. One of these is on the rotor and 
is known as the squirrel-cage winding. The other two wind¬ 
ings are on the stator and are placed as shown in Figure 
1-10. Each winding of the motor illustrated has four sec¬ 
tions or poles. 

Squirrel-cage Winding 

The squirrel-cage winding consists of a number of heavy 
copper bars that are fitted into slots in the laminated iron 
core. The ends of each bar are welded to heavy copper 
rings that complete the electrical circuit, or the bars are 
cast as one unit with the rings, as shown in Figure 1-7. 

Stator Windings 

The stator windings consist of (1) a winding of heavy 
insulated copper wire, which is generally located at the 
bottom of the stator slots and is known as the running 
or main winding; and (2) a winding of fine insulated cop¬ 
per wire, which is usually located on top of the running 
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winding and is known as the starting or auxiliary winding. 
These two windings are connected in parallel. When the 
motor is started, both stator windings are connected to 
the line, as shown in Figure 1-11 (a). Upon reaching ap¬ 
proximately 75 per cent of full speed, the centrif|ugal switch 
opens, as shown in (6) of Figure 1-11, and disconnects 
the starting winding from the circuit, thereby causing the 
motor to operate on the running or main winding only. 

At the start, the current flowing through both the run¬ 
ning and the starting windings causes a magnetic field 
to be formed inside the motor. This magnetic field rotates 
and induces a current in the rotor winding, which in turn 
causes another magnetic field. These magnetic fields com¬ 
bine in such manner as to cause rotation of the lfotor. The 
starting winding is necessary at the start in order to pro¬ 
duce the rotating field. After the motor is running the 
starting winding is no longer needed and is cutjout of the 
circuit by means of the centrifugal switch. 

PROCEDURE FOR ANALYZING MOTOR TROUBLES 

When a motor fails to run properly, a definite: procedure 
should be followed in determining the repairs necessary to 
put it into running condition; that is, a series pf tests is 
made on the motor to discover the exact trouble. These 
tests enable the repairman to tell quickly whether or not 
the motor needs minor repairs, such as new headings, new 
switches, new leads; or whether it needs partial or com¬ 
plete rewinding. 

Analysis Procedure 

The following steps in analyzing motor troubles are given 
in the logical order to be followed in determirting what 
repairs are required for reconditioning the motorj: 

1. Inspect the motor to detect such mechanical! troubles 
as broken or cracked end plates, badly bent shaft, broken 
or burned leads. 

2. Test the motor for bearing troubles. To do this, try 
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to move the shaft up and down in the bearing. Any such 
movement indicates a worn bearing. Next, turn the rotor 
by hand to determine whether it rotates freely. A shaft 
that does not rotate freely indicates bearing trouble, a 
bent shaft, or an improperly assembled motor. In any 
case, a fuse is likely to burn out should the motor be 
connected to the power line. 

3. Examine the motor to discover whether or not the 
internal wires are touching the iron cores of the rotor or 
stator. This is called a ground test and is accomplished 
by using a test lamp. 

4. After determining that the rotor turns freely, the 
next test is to run the motor. The power line wires are 
connected to the terminals of the motor and the switch 
closed for a few seconds. If there is something wrong 
internally, the fuse may blow, the windings may smoke, 
or the motor may rotate slowly or noisily or may not turn 
at all. Such symptoms always indicate trouble inside the 
motor, usually a burned-out winding. The end plates and 
rotor are then removed, and the windings tested more care¬ 
fully. Should the trouble be a badly burned winding, the 
winding itself will look burned and will also feel and smell 
burned. 


REWINDING THE SPLIT-PHASE MOTOR 

After previous tests have shown that the windings of 
the motor are burned out or are severely shorted, rewind¬ 
ing is required in order to recondition it. Before the motor 
is taken apart, the end plates and frame are marked with a 
center punch so that it may be reassembled properly. One 
center-punch mark is made on the front end plate and the 
adjacent frame, and two marks are made on the back end 
plate and also at a corresponding point on the frame. The 
motor is then disassembled and made ready for repair. 

Repair of a split-phase motor with a damaged winding 
consists of several separate operations, the most important 
of which are (1) taking data, (2) stripping the windings. 
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(3) insulating the slots, (4) rewinding, (5) connecting 
the winding, (6) testing, and (7) baking and varnishing. 

Taking Data 

Taking data is one of the most important of the above 
operations. It consists of noting certain specific informa¬ 
tion concerning the old winding, so that no difficulty will 
be encountered when the motor is rewound. The informa¬ 
tion is recorded before and during the process of stripping 
the stator core of its windings. The best procedure is to 
obtain as much data as possible before stripping is begun 
and the remainder of the data during the stripping op¬ 
eration. The information that should be obtained for both 
the running and starting windings includes (1) name-plate 
data, (2) the number of poles, (3) the pitch of the coil 
(the number of slots that each coil spans), (4) the number 
of turns in each coil, (5) the size of the wire on each wind¬ 
ing, (6) the kind of connection (that is, series or parallel), 
(7) the position of each winding in relation to the other 
winding, (8) the type of winding (whether hand, form, or 
skein), and (9) slot insulation, both size and kind. 

The information listed above must be recorded in such 
manner as to enable any motor repairman to rewind the 
motor without loss of time because of inadequate data 
regarding the original winding. To explain the workman¬ 
like manner of obtaining the desired information, it will 
be assumed that a 32-slot, four-pole motor requires re¬ 
winding. The well-trained repairman would proceed as 
follows to gather the necessary data. 

Record the name-plate data on a data sheet such as 
shown in Figure l-15a. The information contained on the 
name plate is very important. It tells the repairman at a 
glance the make of the motor, the horsepower, the voltage 
on which it must be operated, and the speed at full load. 
Among other things it indicates whether it is an a-c or d-c 
motor, the current it draws at full load, the type, and serial 
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number. The last is especially important if it is necessary 
to order new parts. 

Figure 1-10 shows a 32-slot, four-pole stator of a split- 
phase motor as it would look if viewed from one end. Each 
winding consists of four sections. These sections are known 
as poles, or groups.. To determine the number of poles in 
the motor, count the number of sections in the running 
winding. In Figure 1-10, the four sections of the running 
winding indicate a four-pole motor. If there were six 
sections in the running winding, it would indicate a six- 
pole motor. The number of poles in an induction motor 
governs the speed of the motor, and it is therefore essen¬ 
tial that the correct number be recorded. A two-pole motor 
will rotate just below 3,600 r.p.m.; four-pole motor about 
-1,750 r.p.m.; a six-pole motor just under 1,200 r.p.m. and 
an eight-pole motor slightly under 900 r.p.m. These speeds 
apply only when the motor is supplied with 60-cycle alter¬ 
nating current; different speeds will prevail for other fre¬ 
quencies. 

Should the winding assembly be cut at one point and 
rolled flat, the winding would appear as in Figure 1-12. 
Notice the location of the running winding with respect 
to the starting winding. The starting winding overlaps 
two poles of the running winding. This is always true in 
split-phase motors, regardless of the number of poles or 
the number of slots in the motor. Noting and recording 
the location of the running winding with respect to the 
starting winding is highly important. If they are placed “ 
in any different location in rewinding, the motor may not 
start properly. Actually, the running and starting wind¬ 
ings are separated by 90 electrical degrees. This is true, 
no matter how many poles the motor has. However, the 
number of mechanical degrees between windings will dif¬ 
fer with the number of poles in the motor. In the four- 
pole motor the windings are 45 mechanical degrees apart, 
and in a six-pole motor they are 30 mechanical degrees 
apart. 
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If a pole of either the running or starting winding of 
the motor is examined closely, it will be found to consist 
-of three separate coils that have been wound one at a time, 
as illustrated in Figure 1-13. Also, each coil is wound in 
two slots that are separated by one or more other slots. 
The number of slots separating the sides of a coil, includ¬ 
ing the slots in which the winding lies is called the pitch, 
or span, of a coil and is recorded as “1 and 4,” or ‘T and 6,” 
or “1 and 8,” as the case may be. This is shown in Figure 
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1-14. ^ These coils protrude a certain distance from the 
ends of the slots. This is called the end room . This dis¬ 
tance should be measured and recorded. It is important 
that the new coils do not extend beyond the slots any 
farther than this distance; otherwise the end plates may 
press against the coils and cause a ground. 

The next step is to record the information thus far ob¬ 
tained regarding the positions of the windings and the pitch 
of the coils. It may be recorded by showing all the slots 
and the windings in the manner that most repairmen use, 
as illustrated in Figure 1-15. In this method, the spans 
of all the coils are recorded merely by drawing curved lines 
in the proper slots. Each of the curved lines represents 
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one coil of a pole. A complete data sheet for listing the 
information to be taken is shown in Figure 1-15A. 

All motors do not have 32 slots. Most split-phase motors 
—-have 36 slots; some have 24. A recording for a 36-slot, 
four-pole motor is shown in Figure 1-16 and one for a 24- 
slot, four-pole motor in Figure 1-17. 

Another item of the data that should be recorded is the 
location of the running-winding poles with respect to the 
-frame itself. In many motors the center of each main pole 
is identified by a change in the slot size. This is sufficient 
for properly locating the poles in rewinding. However, in- 
the absence of the odd-sized slot, the position must be 
clearly indicated by punch-marking the center slot or slots. 

The next item to be obtained is the type of connections 
between the poles. The different types of connection and 
the method of recording them will be explained later in 
this chapter. In addition, information regarding the num¬ 
ber of turns of wire in each coil must'be obtained and also 
the size of the wire, as determined by using a wire gauge 
or micrometer. These data are noted as the windings are 
removed from the stator. 

When only the top, or starting, winding is burned out 
or shorted, it is necessary to record only the data pertaining 
to that winding. 

Stripping the Stator 

If only the starting winding needs replacing, its coils 
can usually be removed easily by cutting the wires on one 
side of the stator and then pulling them out from the other 
side. Sometimes the wires can be lifted from the slots 
after removing the wedges that hold them in place. The 
wedges can be removed by using a power hack-saw blade, 
as shown in Figure 1-18. The blade 1 is first tapped with a 
hammer 2 so that the teeth are embedded |n the wedge; 
then it is driven out in the direction in which the -teeth 
point. 
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If the entire stator must be stripped, the procedure in 
many shops is to burn the stator in an oven provided for 
^•that purpose or to goften the varnish by sending a heavy 
current through the winding. The windings are usually ex¬ 
tremely hard because of the large amount of varnish on the 
wires, and to attempt to remove the wires without first 
burning off the varnish would require considerable time. 

During the process of stripping, the number of turns in 
each of the coils of one or two poles of the starting and 
running windings must be counted. This information is 
then recorded in the pitch-data chart (Figure 1-15A) be¬ 
side the curved lines that represent the pitch of the coils. 
At this time, also, the size of the wire of both the running 
and the starting windings is measured and recorded. The 
insulation on the wire is noted also. If a No. 18 wire has 
a single layer of cotton over enamel, it is recorded as “No. 
18-S.C.E.” Many shops now use magnet wire having Form- 
var or Formex insulation, which is a type of wire covering 
that does not take up so much room as S.C.E. It has high 
insulation quality, and the fact that it results in extremely 
compact windings has brought it into considerable favor. 
In recording this type of insulation, use the designation 
“No. 18-Formvar.” 

After the winding is removed, the slot insulation should 
be cleaned out. If the insulation is charred, its removal 
is comparatively simple, because it will fall out as the wires 
are removed. But if the insulation sticks to the sides of 
the slots, a knife or other sharp instrument may be used 
to loosen it. 

The usual procedure after the winding and the insulation 
are removed is to blow out whatever dirt, grit, or foreign 
material may be lodged in the stator. This is done by 
means of an air compressor. The pressure of the air flow¬ 
ing through a small nozzle will clean the stator thoroughly. 
If the stator is greasy, it should be washed clean with a 
cleaning fluid, preferably non-inflammable. 
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Slot Insulation 

With the completion of the procedure described above, 
the motor has been disassembled. Preparations for re¬ 
winding may now be started. Before placing the winding 
in the slot, some form of insulation must be installed so 
that the wires do not touch any part of the iron core. Dif¬ 
ferent types of material are available for this purpose. 
Some of the more common materials used are (1) Armo 
paper, a tough rag paper that bends without cracking; (2) 
varnished cambric, an oil- and moistureproof insulation with 
high electrical insulating qualities; and (3) duplex insula¬ 
tion, a combination of both. The best procedure to follow 
when reinsulating a core is to replace it with the same 
type and size of insulation as was employed in the original 
winding. 

The insulation is so cut (as shown in Figure 1-19) that 
it is about )4 inch longer than the slot and is then shaped 
to fit the walls of the slot. Many winders and manufac¬ 
turers cuff the ends of the insulation, as shown, to prevent 
it from sliding in the slot and possibly being the cause of 
a grounded coil. For the average size of fractional-horse¬ 
power motors, Armo paper approximately 0.015 in. thick is 
suitable for slot insulation, and varnished cambric 0.007 
in. thick is generally placed between the running and start¬ 
ing windings. Figure 1-19 also shows the manner of in 
stalling a feeder strip of insulation that covers the edges 
of the slot while winding. This feeder may be removed 
after winding the coil, or its ends may be folded over and 
left in the slot. 
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Rewinding 

There are three methods of winding a split-phase motor. 
These are (1) hand winding, (2) form winding, and (3) 
skein winding. Each of these methods is used in practice, 
and each has certain advantages. In all cases, the entire 
running winding is placed in the slots first, then the start- 
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ing winding is wound on top of it. Suitable insulation 
should be used between the running and starting windings. 

Hand Winding. Hand winding may be employed fbr 
both the running and the starting windings. In this 
method, the wires are placed in the slots, one turn at a 
time, starting with the inner coil and continuing until all 
the coils of the pole are wound. In the explanations that 
are to follow, it will be assumed that a 32-slot stator is 
being wound. 

1. The stator and spool of wire are arranged as shown 
in Figure 1-20, and the end of the wire is placed in the 
bottom of the slot. The inner coil, pitch 1 and 4, is wound 
with the required number of turns. 

2. After all the turns have been put on the inner coil, the 
next coil, pitch 1 and 6, is wound in the same direction/ 
as illustrated in Figure 1-21. Continue in v this manner 
until all the coils of the pole are installed. The wire 
should not be cut until the entire pole is finished. It is 
desirable before starting the winding to place dowel pins 
(or wooden wedges) in the center empty slots of the pole, 
as shown in Figure 1-22, and wind the turns of wire under 
the ends of the pins. This prevents the coils from coming 
out of the slots while winding. 

3. After the pole is finished, wooden or fiber wedges 
are placed in the slots above the wires so that they will 
not slip out, and the dowel pins are removed. 

4. The other poles are wound in the same manner as the 
first pole. 

Form Winding. In form winding, the coils are first made 
on a wooden or metal form and then removed from the form 
and placed in the slots. 

1. The first step is to obtain the size for the form from 
the core of the stator. A single piece of heavy wire is 
shaped for the inner coil, pitch 1 and 4, as shown in Figure 
1-23, allowing at least *4 in? extension at each end of the 
slot. The same procedure is repeated for the next larger 
coil, with extensions beyond the slot ends sufficient to pro- 
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vide spacing of about 3/16 in. between the first and second 
coils. The size of the additional coil or coils is obtained 
in the same manner. 

Blocks of wood having a thickness about three-quarters 
/of the depth of slot are cut and shaped for each size and 
bolted together as illustrated in Figure 1-24. 

2. The required number of turns of wire are wound on 
/./ ithe blocks, starting with the smallest. The coils are tied 
\'J with cord to keep the turns in position and are then re¬ 
moved from the form. 

3. The coils are now placed in the slots and firmly pressed 
down to the bottom. 

4. The wires are made fast in the slots with wooden or 
fiber wedges. 

^ Skein Winding. The skein-winding method is used 
| /mainly for the starting winding. The coil is made large 
enough to be wound into all the slots necessary to com¬ 
plete the individual sections of a pole. The advantage 
of this method lies in the fact that many conductors may 
I I 7 1 be placed in the slot at one time. 

) 1. The size of the skein tjfcoil is usually obtained from 

'■ the old one at the time the motor is disassembled. A skein 
winding is easily recognizable* because the eh tire pole may 
be removed as one coil. However, if the size of the skein 
cannot be found in this manner, it can be ascertained by 
winding a single piece of wire in the slots, as shown in 
Figure 1-25. Enough room should be allowed so that the 
winding to be put on will not be crowded. The two ends 
are twisted together and the wire removed from the slots. 

2. The wire is shaped into a rectangular form, as shown 
in Figure 1-26; then four nails are driven into a wooden 
board, as illustrated in Figure 1-27. 

3. The required number of turns of the skein is then 
wound around the four nails with the ends of the wire being 
left free, as shown in Figure 1-27. Before removing the 
coil from the form, tie it at several places to prevent un¬ 
raveling. 
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Another method of winding makes use of two small 
empty spools which can be nailed to the side of the bench 
the required distance apart. The turns are then wound 
around these spools. 

4. The coil is now removed from the nails and placed 
in the slots of the smallest pitch in the manner illustrated 
in Figure 1-28. After this, the coil is twisted and placed 
in the slots of the next larger pitch, then continued, as 
shown in Figure 1-29, until the pole is complete. In many 
motors the coil is placed in the same slots two or three 
times, depending upon the manner in which the original 
coil was wound. Figure 1-30 shows a coil wound twice 
in the same slots. 



Changing Hand Winding to Skein Winding. Very often 
it is desirable to change a stator from hand winding to skein 
winding, especially when the wire is not heavier than No. 
21 A.W.G. However, this is not advisable if the wire is 


heavier, since difficulty will be encountered in making the 


twists. 


In order to show how this is accomplished, an explana- 
tion will be given for a pole which originally had a total of 
185 hand-wound turns, of which twenty turns were in pitch 
i and 4, 38 turns in pitch 1 and 6, and 27 turns in pitch 
1 and 8. The total number of turns in the pole after being 
installed in the slots should be as near 85 as possible, and 
there should be approximately the same number of turns 
in each slot as in the original winding. The skein is wound 
with 21 turns and placed in pitch 1 and 4 one time, in 
pitch 1 and 6 two times, and in pitch 1 and 8 one time, as 
illustrated in Figure 1-30. There will be, then, 21 turns in 
pitch 1 and 4, 42 in pitch 1 and 6, and 21 in pitch 1 and 8, 
with a total of 84 turns for the pole. This number is near 
enough the original total of 85 turns; also, the number of 
turns in each slot approximates the original closely enough 
for satisfactory performance of the motor. To obtain the 
size of the skein, proceed in the manner illustrated in Fig- 
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ure 1-25, except that the wire must be wound in the middle 
pitch two times. 

Connecting the Windings 

After all the poles of the motor have been wound, the 
next step is to connect the windings. Regardless of the 
number of poles, it is essential that adjacent ones be of 
opposite polarity. This is accomplished by connecting 
them in such manner that the current will flow through 
the first pole in a clockwise direction and through the sec¬ 
ond pole in a counterclockwise direction, as shown in Fig¬ 
ure 1-31, and likewise in alternate directions through the 
remaining poles. 

“1 \^ our "P°l e m °t° rs connected in series are by far the most 
\ f''common in use today. Therefore, this connection will be 
explained. It should be remembered that if the running 
winding is connected in series, the starting winding is con¬ 
nected in this same manner. There are exceptions to this, 
but they are not often encountered. 

Series Connection for Four Poles of the Running Wind¬ 
ing. Refer to Figure 1-31 and connect the wires as illus¬ 
trated, namely, the end lead of pole 1 to the end lead of 
pole 2. Next, connect the beginning lead of pole 2 to the 
beginning lead of pole 3, as shown in Figure 1-32. Con¬ 
tinue, as illustrated in Figure 1-33, by joining the end lead 
of pole 3 to the end lead of pole 4- The power-line leads 
are then connected to the beginning lead of pole 1 and the 
beginning lead of pole 4- 

For the sake of simplicity, the above noted connections 
may be shown by representing each pole as a rectangular 
block, as in Figures 1-34 to 1-36. 

For comparison, the entire running winding of a 36-slot, 
four-pole motor is illustrated in Figure 1-37, showing both 
the detailed winding and the simplified form. Notice that 
each pole is wound in the same manner, but that the poles 
are connected so that alternate polarity is maintained in 
adjacent poles. 
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After experience has been gained in winding the run¬ 
ning poles, the student will be able to wind all the poles 
without cutting the wire after one is finished. Care must 
be taken to alternate the direction of winding for each 
pole; thus, the first pole should be wound clockwise; the 
second counterclockwise; and third, clockwise; and so on. 

In order to determine whether the polarity of the poles 
is correct after the connections have been completed, a 
low-voltage direct current is connected to the winding, 
and a compass is moved inside the stator from one pole to 
the next. If the connections are correct, the compass needle 
will reverse itself at each pole. 

Series Connection for the Starting Winding . The poles 
of the starting winding are connected so that they too alter¬ 
nate in polarity. The method of connecting them to each 
other is the same as that described above for the running 
winding. The only difference is that the centrifugal switch 
is placed either in series with the lead from pole J^, or be¬ 
tween pole 2 and pole 3. Figures 1-38 and 1-39 show the 
proper connections for both the running and starting wind¬ 
ings, Figure 1-38 having the centrifugal syitch at the end 
of the starting winding and Figure 1-39 having it in the 
center of the winding. Figure 1-40 represents both wind¬ 
ings placed in circular form as they would actually be 
inside the stator. 

The connection drawing can be shown in simpler form 
by making a schematic diagram, like that in Figure 1-41. 
Such a diagram does not indicate the number of poles, but 
it does show how the lead wires from the windings are 
connected to the power line. It is seen that two wires are 
brought out directly from the running winding, and like¬ 
wise, two wires are brought out from the starting winding. 
The direction of rotation of the motor can easily be changed 
by reversing the lead wires of either the running or the 
starting winding. 

A six-pole motor is connected in the same manner as a 
four-pole motor, except that two more poles must be added. 


} 

i 


) 

f 


i 
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Figure 1-42 shows a connection diagram of a six-pole, split- 
phase motor. 

Parallel Connections. Although the majority of split- 
phase motors are series connected, there are some that are 
parallel connected by manufacturers. These are known as 
two-parallel (or two-circuit ) connections. A two-parallel 
connection is one in which there are two circuits for each 
winding, as shown in Figures 1-43 and 1-44. However, 
regardless of the number of circuits in the running winding, 
the connections must be such that the adjacent poles have 
opposite polarity. 

Method of Splicing and Taping Leads 

One method of splicing the wires that connect the poles 
is to remove the insulation from about 2 in. of the ends of 
the two wires, twist the two ends securely together, and 
solder. After this, the splice is taped. This method is il¬ 
lustrated in Figure 1-45, where the end lead of pole 1 is 
spliced to the end lead of pole 2. 

A much better method utilizes varnished sleeving instead 
of taping. The detailed procedure of making this kind 
of splice is illustrated in Figure 1-46, which shows the five 
steps involved in the operation. First, remove the insula¬ 
tion from about 1 inch of the end lead of pole 1 and the 
end lead of pole 2; second, place about 1 inch of sleeving, 
or as much as is necessary, on each lead; third, place about 
2 inches of a larger sleeving over one of the smaller sleev- 
ings; fourth, splice the two wires, using the Western Union, 
or straight, splice, then solder; fifth, slide the small sleev¬ 
ing toward the splice and slide the larger sleeving over the 
soldered splice so that it is entirely covered. The entire 
operation requires less time than taping and produces a 
neater splice. 

One or the other of these methods should be used in 
splicing the coils of both the running and starting wind¬ 
ings. After all the coils have been properly connected, 
flexible leads are spliced to the wires of both the running 
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and the starting windings that are to be connected to the 
power line. Again, the preferred splicing is that in which 
the varnished sleeving is used. In addition, care must- be 
taken to tie the leads to the windings with twine, as shown 
in Figure 1-47, so that if the leads for any reason are 
pulled, they will not be torn from the winding. 

Testing the New Winding 

After the rewinding and connections have been com¬ 
pleted, it is important that the windings and connections 
be thoroughly tested for shorts, grounds, open circuits, 
and correct connections. This must be done before var¬ 
nishing and baking so that any trouble that is discovered 
may be corrected more readily. Detailed instructions for 
these tests will be found later in this chapter under Trouble¬ 
shooting and Repairs. 


Baking and Varnishing 

When all the connections between poles of the windings 
have been completed and tested and the flexible leads to 
the power line attached and tied, the stator should be placed 
in a baking oven at a temperature of approximately 250° 
Fahrenheit and baked for three hours. It is then removed 
and varnished with a reliable black baking varnish. It 
should be allowed to drip for about an hour, after which 
it is again placed in the oven and baked for several hours. 
Upon withdrawal from the oven, the inner surface of the 
core of the stator should be scraped to remove the adhering 
varnish, so that there will be sufficient space for the rotor 
to turn freely. 

^ REVERSING A SPLIT-PHASE MOTOR 

Since the direction of rotation of a split-phase motor 
may be changed by reversing the wires of either the run¬ 
ning or the starting winding, the process is a simple one. 
Figure 1-48 shows the wires of the starting winding re- 
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versed as compared with those in the connection shown in 
Figure 1-41. 

Many split-phase motors have terminal plates (or blocks) 
attached to the end bracket. Instead of all the lead wires 
being brought outside the motor, these leads are brought 
to the terminal plate, as illustrated in Figure 1-49. On 
motors of this type, the stationary part of the centrifugal 
switch is usually on the same plate. To reverse a motor 
with a terminal plate, it may be easier to interchange the 
running winding leads on the terminals than to reverse the 
starting winding leads. Sometimes it may be necessary to 
remove the end plate in order to change these wires. 

TWO-SPEED, SPLIT-PHASE MOTORS 

Since the speed of an induction motor is governed by 
the number of its poles (for a given line frequency), to 
change the speed of a split-phase motor, it is necessary to 
change the number of poles. This may be accomplished 
in several ways. One method requires the use of an addi¬ 
tional running winding, but not an extra starting winding; 
another method requires two running windings and two 
starting windings; and a third method makes use of special 
connections, known as consequent-pole connections, with¬ 
out requiring additional running or starting windings. 

Two Running Windings, One Starting Winding 

In this type of variable-speed motor, three windings are 
needed, namely, two running and one starting. Usually 
these motors are wound for six and eight poles and run at 
speeds of approximately 1,150 and and 875 r.p.m., re¬ 
spectively. Their most common use is in electric fans. 

The coils must be placed in the correct slots when re¬ 
winding this motor; therefore, careful note should be made 
of the exact position of the original coils at the time the 
motor is stripped. A diagram of the position of the wind¬ 
ings in relation to each other is shown in Figure 1-50. 

The wiring of a two-speed, split-phase motor is illus- 
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trated in Figure 1-51. A schematic connection diagram for 
such a motor is shown in Figure 1-52. A double-contact 
centrifugal switch, whose action is similar to that of a dou¬ 
ble-throw hand switch, is necessary to connect the eight-pole 
running winding to the power line w T hen it is desired to 
run on low speed. The circuit in Figure 1-52 shows that 
this type of motor must always start on high speed, re¬ 
gardless of whether the switch is set for high or low speed. 
When set for low speed, however, the centrifugal switch 
disconnects the high-speed running winding and connects 
the low-speed running winding after the motor has reached 
a predetermined speed. 

Two Running Windings, Two Starting Windings 

In rewinding a motor having four windings, the coils of 
the different windings must be placed in the proper slots 
with respect to each other. A typical layout of a combina¬ 
tion six- and eight-pole motor is illustrated in Figure 1-53, 
and the wiring diagram of the starting and running wind¬ 
ings of the six-pole portion are shown in Figure 1-54. The 
starting winding has only three poles, and these are con¬ 
nected to give the same polarity. When current is applied, 
a pole of opposite polarity will be formed in the stator 
frame between each pair of these poles. This produces 
twice as many magnetic poles as there are wound poles, 
and the result is that, in effect, the starting winding has 
six poles. When poles are connected in this manner, they 
are said to be consequent poles. 

In the eight-pole part of the motor, the four wound poles 
of the starting winding are connected so as to give the same 
polarity, and the number of magnetic poles in the starting 
winding is doubled for the reason just mentioned. 

A schematic diagram showing the power-line connections 
and the centrifugal-switch connections for this type of two- 
speed motor is represented in Figure 1-55. This diagram 
reveals that the centrifugal switch serves only to disconnect 
the starting windings when the motor reaches the prede- 
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termined speed, and that the motor may be started and 
operated in low speed without first starting in high speed. 

One Running Winding, One Starting Winding— 

Consequent-pole Connections 

As explained above, when poles are connected so that 
adjacent ones have the same polarity, the magnetic effect 
is to produce twice as many magnetic poles as there are 
wound poles. The way in which this is accomplished is 
illustrated in Figure 1-56. This makes it possible to pro¬ 
vide a two-speed motor by arranging the connections be¬ 
tween the poles in such manner that when a speed switch 
is thrown in one direction it will connect the poles so that 
they have alternate polarity and the motor operates as a 
four-pole motor. When it is thrown in the opposite direc¬ 
tion, it w'ill connect the poles so that they have the same 
polarity and the motor operates as an eight-pole motor by 
means of the consequent-pole method. (See Figures 1-57A 
and 1-575.) For high speed leads B and D are connected 
together to one line wire, and leads A and C are connected 
together to the other line wire. Note that for this speed 
the running winding is connected 2-parallel. For low 
speed, lead A is connected to one line wire and leads C and 
D are connected to the other line wire. For this connection 
the running winding is connected series consequent. For 
both speeds, the starting winding is connected series con¬ 
sequent. 


TROUBLESHOOTING AND REPAIR 

Testing 

To detect defects in a split-phase motor, both the run¬ 
ning and the starting windings should be tested for (1) 
grounds, (2) opens, (3) shorts, and (4) reverses. 

Grounds. A winding is said to be grounded when it 
makes an electrical contact with the iron of the motor. 
Grounds may be caused by a number of conditions, the 
most common of which are the following: (1) the bolts 
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that fasten the end plates to the frame may contact the 
winding, as a result of the coils of the winding protruding 
too far from the ends of the slots; (2) the wires press 
against the laminations at the corners of the slots, which 
is likely to occur if the slot insulation shifts during the 
winding process or if the insulation tears or cracks during 
winding; and (3) the centrifugal switch may be grounded 
il to the end plate. 

To determine whether the winding is grounded, a test 
lamp may be used. One test lead to the lamp is connected 
to the winding and the other lead to the stator core, as 
shown in Figure 1-58. If the lamp lights, the winding is 
r grounded. 

Should the winding prove to be grounded, try first to 
locate the ground by visual inspection; in other words, 
examine the winding closely to see whether any wires are 
touching the core. Try moving the turns of the winding 
back and forth while the test leads are connected to see 


whether the light flickers. A flicker under these conditions 
indicates that the grounded point has been temporarily re¬ 
moved, and usually a spark may be observed at the point 
of the ground. 

If this test does not disclose the ground, it will be nec¬ 
essary to disconnect the splices between poles and test 
each pole. After the poles have been disconnected, test 
each one individually as described above until the fault 
is found. When the grounded pole is located, determine 
the point of the ground and remove it by reinsulating or by 
rewinding. It may be necessary to unwind the entire pole 
and rewind it more carefully. 

Open Circuits. The usual cause of an open circuit in 
a split-phase motor is a loose or dirty connection or broken 
wire, which may be in either the running or the starting 
winding or in the centrifugal switch. 


XC 


To determine whether the running winding is open, the 
leads of the test lamp are connected to the ends of the 


winding, as shown in Figure 1-59. If the lamp lights, the 



SPLIT-PHASE MOTORS 


25 


circuit is complete. If the lamp does not light, an open 
circuit is indicated, as illustrated in Figure 1-60. The open 
circuit may be located by connecting one test lead of the 
lamp to one end of the winding and placing the other lead 
to the end of each pole separately, as indicated by points 
1, 2, 3, and 4 in Figure 1-61. If the lamp does not light 
at point 1, the coil of the first pole is open. If the lamp 
lights at point 1 but does not light at point 2, the second 
coil is at fault. If it lights at 1 and 2 but not at 3, the third 
coil is at fault. Such a condition is shown in Figure 1-61. 
Note that the lamp would also not light at point 4- After 
repair of the open circuit of coil 3, the lamp should light at 
point 4 . If it does not light, coil 4 is also open and requires 
repair. By continuing in this manner the open circuit can 
be found. 

An open circuit in the starting winding may be difficult 
to locate, since not only is the winding itself involved but 
the centrifugal switch as well. The centrifugal switch 
is probably the worst offender in producing open circuits. 
The parts become worn, defective, and dirty; also insuffi¬ 
cient pressure of the rotating part of the switch against the 
stationary part will prevent the contacts from closing and 
thereby produce an open circuit. 

If the starting winding is connected to the centrifugal 
switch and the motor is disassembled, the tests for an open 
circuit are as follows: The test leads of the lamp are con¬ 
nected to the leads of the starting winding circuit. The 
lamp should not light until the two contacts on the cen¬ 
trifugal switch are pressed together. If the lamp does not 
light, the open may be in either the switch or the winding. 
By next connecting the test lamp directly across the wind¬ 
ing it can be determined whether this is at fault. If it is 
not, the trouble is in the switch which should then be ex¬ 
amined carefully, all contacts cleaned, and the pressure of 
the rotating part adjusted. 

If the motor has been assembled and the starting wind¬ 
ing is to be tested for an open circuit, connect the test leads 
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of the lamp to the starting-winding circuit, as shown in 
Figure 1-62. The lamp should light, but if it does not, it 
is possible that the centrifugal switch contacts are not 
closed. The rotor is then pushed lengthwise toward the 
front end. This may cause the contacts to close; if so, the 
lamp will light. To correct this trouble, add several fiber 
washers to the pulley end of the rotor shaft to keep the 
rotor pushed forward. It may be necessary to remove wash¬ 
ers from the front end to accomplish this. In all cases 
be certain that the rotor core is aligned with the stator core. 

If tests show that the trouble is not in the centrifugal 
switch, then the open circuit is in the starting winding. 
If this is true, the starting winding must be tested and 
repaired in the manner described for the running winding. 

Shorts. Two or more turns that contact each other elec¬ 
trically will cause a short circuit. This condition may de¬ 
velop in a new winding if the winding is tight and much 
pounding is necessary to place the wires in position. In 
other cases, excessive heat developed from overloads will 
make the insulation defective and will cause shorts. Usu¬ 
ally a short circuit exists when the winding smokes while 
the motor is running or when it draws excessive current 
at no load. 

Several methods may be employed in general practice to 
find shorted coils in a split-phase motor. Among these 
are the following: 

1. Run the motor for a short time and then locate the 
hottest coil by feeling the poles. This coil is generally the 
one that is shorted. 

2 . Use an internal growler. The growler is a coil of wire 
wound on a laminated iron core and connected to a 110- 
volt a-c outlet. After the motor is disassembled, the growler 
is placed on the core of the stator and moved from slot 
to slot, A shorted coil will be indicated by the rapid vibra¬ 
tion of a metal blade, such as a hacksaw blade, held at the 
other end of the coil, as illustrated in Figure 1-63. 

3. Use the voltage-drop test. The winding is connected 
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to a source of low d-c voltage, and a voltage reading is 
taken across each pole. The pole that has the least voltage 
drop is the shorted coil. 

4. Use the strength-of-field test. A piece of iron is held 
against the core of each pole while the current from a low 
d-c source is passing through the winding. The pole that 
has the weakest pull is the one that is shorted. 

5. Use an ammeter. This method is used when the motor 
can be operated without a load. 

Measurement of the current can be made without re¬ 
moving any leads by use of a clip-on type of ammeter. This 
instrument is clipped over one line lead, and its pointer 
indicates the current flowing through the circuit. If the 
reading is higher than the current value shown on the name 
plate of the motor, the windings can be assumed to be 
shorted. 

To repair a shorted pole, it is necessary to remove the 
coil and rewind it, unless the short can be located by in¬ 
spection and thoroughly insulated without rewinding. 

Reverses. Reverses result from wrong connections be¬ 
tween poles and are best discovered by means of a polarity 
test. Two methods are used, namely, the compass method 
and the nail method. 


In using the compass method, the stator is placed in a 
horizontal position, and a low d-c voltage is applied to the 
winding. The compass is then held inside the stator and 
moved slowly from one pole to another. The compass 
needle will reverse itself at each pole, as shown in Figure 
1-64, if the winding is correctly connected. If the same end 
of the needle is attracted to two adjacent poles, a reverse 
pole is indicated. 

« | In using the nail method, the stator is placed on its side, 
” and a low voltage of either alternating or direct current 
is applied to the winding. A nail is placed on the core 
so that it extends from the center of one pole to the center 
of the next pole. If the adjacent polarity is correct, the 
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nail will be attracted to both poles; but if the polarity is 
incorrect, one end of the nail will be repelled from its pole. 

Should it be found that one pole has the wrong polarity, 
this error can be corrected by reversing the two lead con¬ 
nections to this pole. In the event that more than one 
pole has the wrong polarity, reference should be made again 
to Figure 1-37, and the poles connected as shown therein. 


Repairs 

It is now in order to consider the various troubles that 
develop in split-phase motors and to note how they may 
be repaired. These troubles and their remedies will be 
grouped for explanation into four classes, as follows: (1) 
motor fails to start; (2) motor runs slower than normal 
speed; (3) motor runs very hot; (4) motor runs noisily. 

Motor Fails to Start. Failure of the motor to start, when 
it is connected to a power line of the correct voltage, may 
be due to (1) open running winding, (2) open starting wind¬ 
ing, (3) grounded winding, (4) burned or shorted winding, 
(5) open-circuited overload device, (6) excessive overload, 
(7) worn or tight bearing, (8) end plates improperly 
mounted, or (9) bent rotor shaft. Each one of these will 
be considered in their order named.. 

1. Open Running Winding. An open running winding 
may be discovered by testing the winding with a test lamp. 
If the lamp fails to light, the winding has ap open circuit. 
The exact location of the open is determined by the method 
previously explained under Testing the Split-Phase Motor 
and repaired by rewinding if necessary. 

2 . Open Starting Winding. Three practical tests show 
whether the starting winding has an open circuit. One 
method is to connect the motor to the power line. An 
open circuit in the starting winding will cause the motor 
to hum. 

A second test is to turn the rotor manually. This may be 
done by winding a cord around the rotor shaft, as in Figure 
1-65, and pulling the cord so that the rotor turns. While 
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the rotor is thus turning, the power-line switch is turned 
on. If the motor continues to run, the trouble is in the 
starting-winding circuit. 

The third test for discovering an open circuit in the start¬ 
ing winding is to use the test lamp. If the circuit is found 
to be open, the trouble is in either the centrifugal switch 
or the starting winding. 

' The centrifugal switch should be examined first, since it 
is most likely to be the cause of the trouble. Moving the 
rotor shaft toward the front end plate may close the con¬ 
tacts of the switch, in case the trouble is at this point, and 
cause a test lamp in the circuit to light. The rotor may 
also have too much end play, which can be determined by 
moving it back and forth. There should be a maximum 

- end play of not more than Ye 4 in. If more end play 
is observed, fiber washers should be put on the shaft so 
that the rotor core lines up with the stator core. If too 
much end play is allowed to exist, the rotor may come to 
a stop in such position that the centrifugal switch con¬ 
tacts will remain open. If these tests have been made and 
the circuit still remains open, the motor is disassembled and 
a test lamp is used to check the operation of the switch. 
If found to be defective, the centrifugal switch is carefully 
cleaned and all parts adjusted. 

The starting winding is next tested, if the centrifugal 
switch is found to be in good order. The flexible leads to 
the power line that are spliced to the wires of the coils 
are examined first and replaced if they are at fault. If 
the starting winding is defective, the open may be located 
by the method described earlier in this chapter for open 
circuits. Although the break in the coil may be repaired 
by splicing if it is readily accessible, rewinding is necessary 
if the coil is burned or otherwise severely damaged. Should 
it be necessary to rewind the starting winding, it is advis¬ 
able to test the running winding thoroughly for any defects 
before replacing the new starting winding over it. 

3. Grounded Winding. One ground in a motor may 
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not be noticeable as far as running conditions are con¬ 
cerned; but two or more grounds in a winding are equiva¬ 
lent to a short circuit. This may cause a fuse to blow, 
or it may cause the winding to smoke, depending on the 
extent of the grounds. The grounds are located by the 
method previously explained, and are then repaired by 
reinsulating or by rewinding. A grounded winding may 
cause a shock if touched and is therefore dangerous. Usu¬ 
ally a fuse will blow before any damage is done. 

4. Burned or Shorted Winding. A burned or short- 
circuited winding usually causes a fuse to be blown when 
the motor is connected to the line. If the fuse does not 
blow, the winding will smoke. In either event the motor 
must be disassembled. A burned winding is easily recog¬ 
nizable by its smell and its burned appearance. The only 
remedy is to replace the burned winding. In many cases, 
only the starting winding will be burned. Should this be 
true, only the starting winding will need to be rewound; 
however, the running winding should be tested for any 
defects before installing the new starting winding. If the 
winding is not burned and only a short circuit exists, the 
short may be located and repaired as explained earlier in 
this chapter. 

5. Open-circuited Overload Device. Some motors are 
equipped with an overload device consisting of a bimetal 
element that will expand when heated and cause associated 
contacts to open. This device is connected in series with 
the motor, as shown in Figure 1-66, and its contacts will 
open if the motor is overloaded or if for any other reason 
too much current flows through the winding. However, 
the contacts must close after the motor has cooled some¬ 
what or when the overload is withdrawn. The contacts 
are examined for dirty, defective, or burned points. If the 
points are in bad condition, they should be replaced with 
new ones. 

6. Excessive Overload. When too much load is placed 
on a motor not having an overload device, the motor will 
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hum and stall. An overload condition may be readily de¬ 
termined by connecting an ammeter in the circuit, as shown 
in Figure 1-67, and noticing whether the ammeter registers 
a higher current reading than the one recorded on the 
name plate of the motor. A shorted winding will likewise 
cause a large reading. It is assumed, however, that previous 
tests have shown that the windings are neither shorted nor 
grounded. 

7. Worn or Tight Bearing. Bearing troubles frequently 
develop in motors after they have been in use for a con¬ 
siderable time. A worn sleeve bearing may be discovered 
by attempting to move the shaft up and down by hand, in 
the manner illustrated in Figure 1-68. If the shaft moves, 
it indicates a worn bearing or possibly a worn rotor shaft, 
as shown in Figure 1-69. In either event, new bearings 
are required. A small amount of play in the bearings will 
allow the rotor to touch the stator, as shown in Figure 1-70, 
and thus prevent the motor from starting. Quite often, 
sludge will accumulate in the worn part of the bearing and 
may prevent an up-and-down motion of the shaft. In this 
case the motor is disassembled so that the rotor is resting 
in one end plate. If the end plate can be wobbled back 
and forth, the bearing or shaft is worn. 

A sleeve bearing is removed by placing a piece of round 
stock on the bearing in the end-plate housing and pressing 
it out by means of an arbor or some other type of press. A 
convenient tool for this purpose is a piece of round stock 
that has been turned down in a lathe to fit different sizes 
of bearings, as shown in Figure 1-71. Care should be exer¬ 
cised to press out the old bearing-through the side of the 
end plate harving the larger opening and to remove any 
screws or oil wick that may prevent the bearing from com¬ 
ing out easily. 

The new sleeve bearing is set in place by using the round 
stock as before and pressing the bearing into the end plate. 
The bearing is pressed in to the proper distance from the 
side of the end plate having the larger opening. The oil 
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holes must be lined up with those in the end plates, and 
the bearing must not be burred while being replaced. 

New sleeve bearings are usually made a few thousandths 
of an inch undersize, and need to be reamed to the proper 
size. This is done by placing the end plates on the stator 
after the new bearings have been pressed in, but before 
the rotor is replaced, and using a through reamer to ream 
the holes. The reamer is first passed through the bearing 
in one end plate, then continued through the stator to the 
other end plate. In this manner, the bearings are reamed 
to the same size and also properly aligned. Separate ream¬ 
ers of the proper sizes will need to be used, however, when 
the rotor shaft requires different sized bearings at the two 
ends. In such cases, care must be exercised to align the 
bearings correctly. 

If the shaft is worn, it may be reconditioned to its orig¬ 
inal roundness and smoothness by turning it in a lathe. 
Then it must be fitted with a smaller sized new bearing. 
Or, the shaft may be built up to its original size by forcing 
molten metal on it, in a process called metallizing. If this 
process is used, the metallized shaft is turned in a lathe to 
the correct size, and a standard-sized bearing is used to 
replace the old one. 

When a bearing is allowed to become dry from lack of 
oil, the motor shaft may heat and expand to such a degree 
that it welds itself to the bearing. Such a condition is 
known as a frozen bearing. To repair a frozen bearing, 
the end plate and bearing must be knocked loose from the 
shaft or loosened with a blow torch. The shaft is then 
smoothed up, and a new bearing is installed. 

8. End Plates Improperly Mounted. When an end 
plate is not fastened securely around the entire edge, as 
shown in Figure 1-72, the bearings are out of alignment, 
and the rotor can be turned by hand only with difficulty 
or not at all. The end plate should sound “solid” when 
tapped gently with a mallet or lead hammer and should 
fit the stator perfectly at all points. If it does not fit, all 
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screws should be loosened and each one tightened a little 
at a time, thus drawing the plate evenly and securely to 
the stator. In assembling a motor, do not tighten the first 
screw on the end plate, then the next adjacent one, and 
so on. If tightened this way, the opposite side of the end 
plate w 7 ill not contact the stator tightly. 

9. Bent Rotor Shaft. A bent shaft, shown in Figure 
1-73, may be suspected if the rotor does not turn easily 
by hand after it has been determined that the end plates 
are on properly. To determine whether the shaft is bent, 
the rotor is removed from the motor and placed in a lathe. 
With the lathe turning slowly, it is usually possible to see 
the rotor bobbing up and down if the shaft is bent. To 
locate the bend, a special gauge made for this purpose is 
held close to the shaft while it is rotating in the lathe. If 
no such gauge is available, a piece of chalk can be held 
near the shaft. The bent portion of the shaft will touch 
the chalk during rotation and thus be marked. 

A bent shaft may be repaired by securely mounting the 
rotor between centers in a lathe. A pry bar or a long sec¬ 
tion of pipe is inserted under the bent portion to obtain 
the necessary leverage. The pressure exerted in bending 
the shaft back into position must be carefully controlled. 
Usually, the bending should be done a little at a time, 
until the shaft is straight. This method should be em¬ 
ployed only for small rotors; otherwise, the lathe centers 
may be damaged. 

Motor Runs Slower than Normal Speed. A motor that 
does not attain normal running speed is likely to have one 
or more of the following defects: (1) short circuit in run¬ 
ning winding, (2) starting winding remaining in circuit, 
(3) reversed running-winding poles, (4) other incorrect 
stator connections, (5) worn bearings, or (6) loose rotor 
bars. 

1. Short Circuit in Running Winding. A short cir¬ 
cuit in the running winding will cause the motor to run 
at a lower speed than that for which it is rated, and will 
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produce a humming or growling noise. The pole that 
contains the short, as shown in Figure 1-74, will usually 
become excessively hot; it may also smoke if the motor 
is allowed to run for many minutes. 

To locate the shorted pole, an internal growler is used. 
Or, the pole may be located by merely feeling for the hot 
coil. The remedy for a short-circuited coil is to find the 
short and, after it is found, insulate it if possible. If it 
cannot be insulated, rewind the coil or the entire winding. 

2. Starting Winding Remaining in the Circuit. The 
symptoms of this defect are the same as those for a shorted 
running winding. To determine conclusively that the start¬ 
ing winding remains in the circuit, disconnect one lead of 
this winding and start the motor manually, as illustrated 
in Figure 1-65, and connect the power line after the rotor 
is turning. If the motor then runs properly, the centrifugal 
switch does not disconnect the starting winding at the 
proper time. 

The contact points of the centrifugal switch may be 
welded or stuck together, other faulty parts may be caus¬ 
ing the contact points to remain closed, or the rotating 
part of the switch may not release the contacts on the 
stationary part because fiber washers are improperly placed 
on the rotor shaft. In any of these cases, the switch is 
repaired as previously explained, a new switch is installed, 
or fiber washers are placed on the rotor shaft so that the 
switch will open and close in the proper manner. 

3. Reversed Running-winding Poles. If the poles are 
connected in such manner as to produce incorrect polarity, 
the motor will rotate slowly, if at all, and rotation will be 
accompanied by a growling noise. More definite analysis 
requires that the motor be disassembled and each pole 
tested for correct polarity by the compass or nail tests 
previously described. When the pole of improper polarity 
is located, the lead wires of the pole are disconnected, re¬ 
versed, and reconnected. 

4. Other Incorrect Stator Connections. Incorrect 
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connections between the poles of either the running or 
starting winding may cause induced currents to flow in the 
pole coils, with the result that the coils will become over¬ 
heated, smoke, and perhaps burn out. When this condi¬ 
tion exists, the motor must be disassembled and the con¬ 
nections carefully remade as explained earlier in this 
chapter under Connecting the Split-phase Motor. The 
amateur repairman often makes mistakes in connecting 
the windings of this type of motor, one of the most com¬ 
mon being that he connects two of the poles in series and 
the remainder in a closed circuit, in the manner shown in 
Figure 1-75. Extreme care should be exercised to connect 
all the poles exactly as required by the data. 

5. Worn Bearings. A motor with worn bearings or 
worn shaft is noisy in operation and sluggish in rotation. 
The cause is that the rotor rubs against the stator while 
running, as shown in Figure 1-70. A worn bearing or worn 
shaft diagnosis may be confirmed by noting whether the 
shaft can be moved up and down while the motor is still 
assembled. In either case, repair should be made as ex¬ 
plained earlier in this chapter. 

6 . Loose Rotor Bars. An indication that the rotor bars 
are open is shown when the motor runs with reduced power 
and produces a growling noise. The rotor must be removed 
from the motor for further testing. The open bars may 
be located by a visual inspection, particularly if it is pos¬ 
sible to move them at the end rings. Failing this, the 
rotor is tested on an armature growler. This type of 
growler consists of a U-shaped laminated iron core having 
a coil of wire wound around it. When the coil is con¬ 
nected to a 110-volt, a-c line, the rotor is placed in the 
open end of the core, as shown in Figure 1-76, and rotated. 
Flickering of a lamp connected in series with the growler 
indicates open bars. The open bars, when located, must be 
soldered or welded to the end rings. 

Motor Runs Hot. A motor may become excessively hot 
after running a short time for one of the following reasons: 
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(1) shorted winding, (2) grounded winding, (3) short cir¬ 
cuit between running and starling windings, (4) worn bear¬ 
ings, or (5) overloading. 

1. Shorted Winding. If either the running or the start¬ 
ing winding has a short circuit, the shorted pole will become 
excessively hot when the motor is running. In addition, 
the motor operates with a growling noise. The winding 
will eyentually become so hot that the entire motor will 
be damaged if it is allowed to run in this condition. The 
procedure for determining whether a short circuit exists 
and for locating it has been explained under Testing the 
Split-phase Motor. Unless the short, after having been 
located, can be repaired and insulated, the pole or the entire 
winding must be rewound. 

2 . Grounded Winding. A winding grounded in two or 
more places is equivalent to a shorted winding and will 
cause the motor to run very hot and will eventually pro¬ 
duce severe damage. The grounded points are located by 
methods previously explained and are repaired by reinsu¬ 
lating, if possible. If reinsulating is impossible or seems 
inadvisable, the grounded pole must be rewound. 

Should the motor be grounded at one point only, it is 
likely that a shock will be felt if the motor is touched when 
running. This condition is dangerous to workmen, and 
therefore immediate repair is essential. 

3. Short Circuit between Running and Starting 
Windings. A short circuit between these two windings will 
permit a current to flow through a part of the starting 
winding continuously while the motor is in operation, and 
in time will burn out the starting winding. To locate the 
shorted point, the windings are disconnected from the ter¬ 
minals and one of the leads of a test lamp (connected to 
the line) is connected to the running winding, and the other 
lead is connected to the starting winding. The lamp will 
light, since current flows from the running winding through 
the shorted point to the starting winding. The starting 
winding is then moved away from the running winding at 
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various places in the stator. If the shorted point is moved, 
the lamp will flicker or go out. If the shorted point can¬ 
not be determined in this manner, it will be necessary to 
remove the coils of the starting winding one at a time until 
it is located. 

The short circuit can usually be repaired by inserting 
a strip of varnished cambric or Armo paper in the slot 
between the two windings. 

4. Worn Bearings. When the bearings are worn suffi¬ 
ciently to permit the rotor to touch the stator, the motor 
will become overheated after running for a short time. 
Worn bearings may be readily detected by trying to move 
the rotor shaft up and down while the motor is assembled. 
If such movement is possible, the bearings are worn. If 
the rotor is removed from the motor and found to have 
polished surfaces on it, this is an indication that the rotor 
is probably rubbing against the stator. This condition is 
repaired by replacing the bearings. 

5. Overload. An overload on the motor will cause it to 
draw more than the rated current and thereby produce 
excessive heat. An ammeter is placed in the circuit to test 
for overload. Should the meter show a larger reading than 
that listed on the name plate of the motor, the load should 
be reduced or the motor replaced with a larger one. This 
test assumes that the motor is externally overloaded. 

Motor Runs Noisily. There are several reasons why a 
split-phase motor may operate with an unusual amount of 
noise. The most common of these are (1) shorted winding, 
(2) improperly connected poles, (3) loose rotor bar, (4) 
worn bearing, (5) worn centrifugal switch, (6) too much 
end play, and (7) foreign material in the motor. 

The first three conditions just named will all produce 
a magnetic hum when the motor is running. When such 
a hum is noticeable, the repairman can be certain that one 
of these defects exists. More positive tests for locating 
these troubles and the methods of repairing them have 
already been explained. 
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Bearings that are excessively worn allow the rotor to rub 
against the stator when the motor is running and thus 
produce a loud noise. Specific tests for this trouble and 
repairs should be made in the manner already described. 

A worn centrifugal switch is likely to cause a noticeable 
noise when the motor is in operation. Since part of the 
switch is located on the rotor, it revolves at high speed. 
A loose member of the rotating part may hit or rub against 
some other part of the motor, and thus make the noise. 
When such a defect is suspected, the rotor should be re¬ 
moved from the stator and the switch carefully inspected. 
It may be found that the faulty parts can be repaired; if 
not, a new switch must be installed. 

Should the rotor have end play of more than %4 in., 
it may produce a noise during operation. The remedy for 
this trouble is to place fiber washers on the rotor shaft at 
the proper places. 

Sometimes foreign material, such as a piece of insulation 
or wire, becomes embedded in a winding or a slot and pro¬ 
trudes sufficiently for the rotor to rub against it. This will 
cause an undesirable noise. The foreign material can be 
located by dismantling the motor and inspecting all wind¬ 
ings and slots carefully. After it is found, the foreign mat¬ 
ter usually can be removed with a pair of pliers or a screw 
driver. In removing it, care must be exercised not to dam¬ 
age the insulation on the wires or between the windings. 



CHAPTER 2 


Capacitor Motors 


The capacitor motor operates on alternating current 
and is made in sizes ranging from V 20 hp. to 10 hp. It is 
widely used to operate such machines as refrigerators, com¬ 
pressors, oil burners, and washing machines. 

The construction of the capacitor motor is similar to that 
of the split-phase motor, but an additional unit, called a 
capacitor, is connected in series with the starting, or aux¬ 
iliary, winding. The capacitor is usually mounted on top 
of the motor, as shown in Figure 2-1, but it may be mounted 
in other external positions or inside the motor housing. 
The capacitor motor provides higher starting torque with 
lower starting current than the split-phase motor and is 
generally operated from a single-phase lighting or power 
circuit. 


THE CAPACITOR 

Electrical workers often refer to the capacitor as a con¬ 
denser; but the name capacitor is being more widely 
adopted, since it is more descriptive of the operation of the 
device. The capacitor acts essentially as a storage unit; 
that is, it has capacity to store electricity. All capacitors 
have this quality, and all are electrically the same; they 
differ only in mechanical construction. 

The Paper Capacitor 

A capacitor is formed when two conductors, usually metal, 
are separated by an insulator, such as waxed paper. The 
paper capacitor has this construction and contains two or 
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more strips of metal foil separated by one or more sheets 
of waxed paper. 

For use in motors, the strips are rolled or folded together 
into a compact unit, which is placed in a metal container. 
This may be either cylindrical or rectangular in shape and 
is usually bolted to the top of the motor. Two terminals 
or wire leads are provided for connections. A paper ca¬ 
pacitor is shown in Figure 2-2. 


The Oil-filled Capacitor 

Some capacitors are made with paper that has been im¬ 
pregnated with oil and inserted in a container that is filled 
with oil. This is done to increase the insulating quality 
of the paper and to help keep the capacitor from overheat¬ 
ing. An oil-filled capacitor is illustrated in Figure 2-3. 

The Electrolytic Capacitor 

Many capacitor motors employ the electrolytic capacitor. 

This type consists of two sheets of aluminum foil that are 
separated by one or more layers of gauze. The gauze has 
previously been saturated with a chemical solution called 
an electrolyte . The electrolyte forms a film which acts as 
the insulating medium of the electrolytic capacitor. These 
layers are rolled together and fitted into an aluminum con¬ 
tainer. An electrolytic capacitor is shown in Figure 2-4. 
Motor-starting electrolytic capacitors should not be kept in — #4* 
a circuit more than a few seconds at a time because they 
are designed for only intermittent duty. 


2 


Capacity 

Capacitors are rated in microfarads (abbreviated pf). A 
condenser may have a capacity of 10 pf or 150 pf, depend¬ 
ing on its size and type. A capacitor may lose capacity 
because of excessive use, overheating, or other condition. 
In such a case it must be replaced with one of approximately 
the original value of capacity; otherwise the motor may 
not have the required starting torque. 


< 
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The capacitor is used as the starting device in some mo¬ 
tors. These are called capacitor-start motors. In other 
types the capacitor is utilized during starting and remains 
in operation during running. This type is called the capaci- 
tor-start-and-run motor. 

THE CAPACITOR-START MOTOR 

Construction 

Except for the capacitor, this motor is similar in con¬ 
struction to the split-phase motor. The main parts of the 
capacitor-start motor are (1) a slotted stator, having a 
running winding and a starting winding; (2) a squirrel- 
cage rotor; (3) two end plates; (4) a switch, usually of the 
centrifugal type, consisting of a stationary part attached 
to the front end plate and a rotating part attached to the 
rotor; and (5) a capacitor, generally electrolytic. 

Operation 

The circuit of the capacitor-start motor is shown in Fig¬ 
ure 2-5. During the starting period, both the running and 
starting windings are connected across the line since the 
centrifugal switch is closed. The starting winding, however, 
is connected in series with the capacitor and the centrifugal 
switch. 

When the motor reaches approximately 75 per cent of 
full speed, the centrifugal switch opens. This action cuts 
out both the starting winding and the capacitor from the 
line circuit and leaves only the running winding across the 
line. 

To produce a starting torque in a capacitor motor, a re¬ 
volving magnetic field must be established inside the motor. 
This is accomplished by placing the starting winding 90 
electrical degrees out of phase with the running winding. 

— The capacitor is used to permit the current in the starting 
winding to reach its maximum value before the current 
in the running winding becomes maximum. In other words, 
the capacitor causes the current in the starting winding 
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to lead the current in the running winding. This condi¬ 
tion produces a revolving magnetic field in the stator, which 
in turn induces a current in the rotor winding. As a result, 
the magnetic field acts in such a manner as to produce 
rotation of the rotor. 

Rewinding 

The most common type of capacitor-start motor has two 
windings on the stator, a running winding and a starting 
winding, as the split-phase motor has. The running wind- — / 0 
ing is always placed at the bottom of the slots. The starting 
winding is placed above this in the slots but is displaced 
90 electrical degrees; in other words, the starting poles are 
placed midway between the running-winding poles. An 
examination of the starting winding of a capacitor-start 
motor will reveal that it is usually wound with wire of 
/ J —— slightly smaller size than that of the main winding. 

The capacitor-start motor windings are placed in the 
slots in the same manner as the windings of the split-phase 
motor. Hand winding, form winding, or skein winding 
may be used, depending on the individual motor. 

Connections of the Capacitor-start Motor 

Some of the many types of capacitor motors are listed 
below. Each has its own characteristic connections of the 
windings. Some of these types are designed to operate on 
one voltage, some on two voltages. Many of them are 
externally reversible, and others are reversed internally. 

Each of the following motors is described, and a wiring 
diagram is given to illustrate its operation: 

1. Single-voltage, externally reversible 

2. Single-voltage, nonreversible 

3. Single-voltage, reversible, with thermostat 

4. Single-voltage, nonreversible, with magnetic switch 

5. Two-voltage, nonreversible 

6. Two-voltage, reversible 

7. Two-voltage, with thermostat 
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8. Single-voltage, three-lead, reversible 

9. Single-voltage, instantly reversible 

10. Two-speed 

11. Two-speed, with two capacitors 

In the wiring diagrams of these motors, the leads will 
be shown coming out of the motor. This is not always the 
case in the actual motor, because the leads are often con¬ 
nected to terminals inside the front end bracket. Many 
motors have the terminals mounted on the stationary part 
of the centrifugal switch. In all the following capacitor 
start motors, electrolytic capacitors are used. 

1. The Single-voltage, Extern-ally Reversible Capacitor- 
start Motor. This motor has four leads brought outside 
the housing, two from the running-winding and two from 
the starting-winding circuit. These four wires are neces¬ 
sary if external reversing is desired. Internally, the start¬ 
ing winding is connected in series with the centrifugal 
switch and capacitor. Figure 2-6 shows the windings con¬ 
nected for clockwise rotation, and Figure 2-7 shows the 
same windings connected for counterclockwise rotation, or 
rotation in the opposite direction. As the illustrations 
show, to reverse this or any other type of capacitor motor, 
/X — it is necessary only to reverse the starting-winding leads 
with respect to the running-winding leads or vice versa. 

Just as in other types of motors, the number of poles in 
this motor determines its speed: The more poles, the lower 
the speed; the fewer poles, the greater the speed. As in 
the split-phase motor, the poles are connected in series or 
in parallel, and care must be taken to produce alternate 
polarity in connecting the poles. The four-pole motor is 
most common, and therefore diagrams of a four-pole, series- 
connected motor and a four-pole, parallel-connected motor 
will be shown first. Figures 2-8 and 2-9 illustrate a four- 
pole, series-connected capacitor-motor, and Figures 2-10 
and 2-11 show a four-pole, two-circuit, capacitor-start mo¬ 
tor. In Figures 2-9 and 2-11, terminals 7\ and T., are con- 
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nected together to line lead L x . Terminals T, and T, are — ^ 
connected together to line lead L 2 . 

2. Single-voltage, Nonreversible Capacitor-start Motor. 

If the starting-winding leads are connected internally to 
the leads of the running winding, the rotation of the motor 
cannot be reversed unless the motor is taken apart and the 
leads reversed. Some motors are made in this manner be¬ 
cause their application requires just one direction of rota¬ 
tion. Figure 2-12 shows the circuit of this type of motor 
with two external leads. 

3. Single-voltage, Reversible Capacitor-start Motor with 
Thermostat. Very often capacitor-start motors are equipped 
with a device called a thermostat which serves as protec¬ 
tion against overload, overheating, short circuits, and so 
on. Essentially, this device consists of a bimetallic element 
that is connected in series with the line and is generally 
mounted on the motor. The bimetallic element is made of 
two metals that expand at different rates when heated. 

These are welded together, so that when the entire element 
is heated, it will bend. Usually one end of the element is 
fixed and the other end serves as the contact point. 

The circuit of a motor with a bimetallic overload device 
is shown in Figure 2-13. When excessive current flows 
through the motor for a short period of time it causes ab¬ 
normal heating of the element with the result that the 
element bends sufficiently to open the contact points and 
thereby open the circuit. On some types of thermal units, 
the contacts automatically close when the bimetallic ele¬ 
ment cools. On other units, a reset button must be oper¬ 
ated manually to restore the motor to operation. In some 
types of thermal units, a heating unit supplies heat to the 
bimetallic element. In this type, the heating unit is con¬ 
nected in series with the line. When excessive current due 
to overload flows through the heating unit, the bimetallic 
element opens the circuit. The element is placed either in¬ 
side the heating unit or beside it. 

On all motors which are thermally protected, care must 
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be taken to insert the bimetal unit in series with the line. 

A diagram of a two-pole, thermally protected capacitor 
motor is shown in Figure 2-14. 

Terminal Block Capacitor 

Many refrigerator motors have a terminal block attached 
to the capacitor. Three of the terminals are marked 
T, TL, and L, as shown in Figure 2-15. The line wires 
L x and L 2 are connected to terminals L and TL. Wires 
leading to the thermostat inside the refrigerator are con¬ 
nected to TL and T. The unmarked terminal has one side — I h 
of the capacitor connected to it. The other side of the 
capacitor is connected to terminal L. This capacitor con¬ 
nected to a capacitor-start motor is shown in Figure 2-16. 

4. Single-voltage, Nonreversible Capacitor-start Motor 
with Magnetic Switch. Certain types of refrigerators use a 
motor that operates in a liquid refrigerant that does not 
permit use of a centrifugal switch. On such motors, a 
magnetically operated switch is used to cut out the start¬ 
ing winding from the circuit. The magnetic switch operates — / 7 
on the principle that the starting current of a capacitor- 
start motor is two or three times greater than the running 
current. The switch mechanism consists of a magnetic coil 
(connected in series with the running winding), a plunger, 
and contacts, as shown in Figure 2-17. 

When the line current is applied, the coil becomes ener¬ 
gized. This causes the plunger to rise and close two nor¬ 
mally open contacts which are connected in series with the 
starting winding. Consequently, when the motor is started, 
both the running and the starting windings will be in the 
circuit; but as soon as the high starting current drops to 
normal, the current flowing through the magnet coil will 
be insufficient to keep the plunger up. It then drops, and 
the contacts open the starting-winding circuit. 

The wiring of a motor connected to a magnetic switch 
is shown in Figures 2-18 and 2-19. This method of con¬ 
necting a capacitor-start motor to a magnetic switch is one 
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of many, but the operation of all of them is essentially the 
same. 

These motors are not usually connected for reversing. 
To reverse them, it would be necessary to bring four wires 
out of the motor. 

■» A disadvantage of this type of motor lies in the possi¬ 
bility that slight overloads may cause the magnet coil to 
operate and connect the starting winding across the line. 
Since this starting winding normally operates for only a 
few seconds, it might be burned out. 

5. Two-voltage, Nonreversible Capacitor-start Motor. A 
motor of this type can be used on either of two a-c voltages, 
usually 110 and 220 volts or 220 and 440 volts. Such a 
motor generally has two main windings and one starting 
winding, with a sufficient number of leads brought out to 
permit changeover from one voltage to another. (Some 
motors have one main winding of two sections.) If the 
motor is to operate on 110 volts, the two running windings 
are connected in parallel, as shown in Figures 2-20 and 
2-21. If operation on 220 Volts is desired, the running wind¬ 
ings are connected in series , as shown in Figure 2-22 and in 
schematic form in Figure 2-23. In either case, the starting 
winding operates on the lower voltage and is connected 
across one of the main windings for this purpose. Similar 
circuits are used for 220- and 440-volt operation. 

Stator-connection diagrams for a four-pole, two-voltage 
motor are shown in Figures 2-24 and 2-25. This motor can 
only be reversed by removing the end bracket and reversing 
the starting-winding leads. There are four leads extend¬ 
ing from the motor, two from each running winding. 

Data taken on a typical motor follow: This was a %-hp., 
two-voltagc capacitor-start motor. Inspection revealed a 
36-slot, three-layer winding. The layers consisted of two 
similar running windings, which were placed in the same 
slots and insulated from each other, and a starting winding 
90 electrical degrees from the running windings. Each 
running winding was connected two-parallel, and the start- 
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ing winding was series-connected. Five leads were brought 
out of the motor to provide operation on either 110 or 
220 volts. To reverse the direction of rotation, the front 
bracket is removed and the starting-winding leads reversed 
on the centrifugal-switch terminal plate. 

Figure 2-26 shows the connections of the windings for 
110-volt operation. The internal connections of the poles 
of this motor are given in Figure 2-27. 

The pitch of the coils, the number of turns, and the wire 
size were recorded upon stripping. These data are shown 
in Figure 2-28. 

This motor was rewound with the same size of wire and 
the same number of turns, but instead of first winding one 
running winding and then the second running winding on 
top of the first, both windings were put on at the same 
time by using two separate wires. Hand winding was used. 

Two-voltage motors are also designed to operate on one 
running and one starting winding. The running winding 
consists of two sections, each section having two wires 
brought out of the motor. In a four-pole, two-voltage 
capacitor-start motor, the running winding has two poles 
connected in series with two wires brought out. The re¬ 
maining two poles are connected in series with two wires 
brought out to form a total of four wires. For low-voltage 
operation, both sections are connected in parallel, and for 
high-voltage operation the two sections are connected in 
series. In either case the starting winding is connected 
across one section of the running winding. This is shown 
in Figure 2-29. The principle of operation is similar to 
that described in the previous motor. A connection dia¬ 
gram for a four-pole, two-voltage capacitor-start motor is 
shown in Figures 2-30 and 2-31. The windings of this 
motor are like those of a four-pole, single-voltage capacitor- 
start motor. 

6. Two-voltage, Reversible Capacitor-start Motor. This 
motor provides for external reversing by means of two addi¬ 
tional leads that are brought out from the starting-winding 
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circuit. Figures 2-32 and 2-33 show the connections for 
clockwise and counterclockwise rotation, respectively, on 
110 volts. Figures 2-34 and 2-35 show the connections for 
220-volt operation. 

7. Two-voltage Capacitor-start Motor with Overload Pro¬ 
tection. The two-voltage, nonreversible capacitor-start 
motor described in Section 5 (page 46) contained a thermo¬ 
static device for overload protection. This consisted of a 
bimetallic strip and contacts connected as shown in Figure 
2-26. 

8. Single-voltage, Three-lead, Reversible Capacitor-start 
Motor. External reversing is impossible in the ordinary 
capacitor-start motor if only three leads are provided. How¬ 
ever, reversing is easily done if a two-section running wind¬ 
ing is used, as on the two-voltage motor. To make this 
possible, the two sections are internally connected in series, 
as in the 220-volt connection of the two-voltage motor. The 
two remaining leads are brought out for connection to the 
power line (shown in Figure 2-36). One lead of the start¬ 
ing winding is internally connected to the mid-point of the 
two-section running winding. The other lead of the start¬ 
ing-winding circuit is brought out of the motor. This ar¬ 
rangement permits the starting-winding circuit to be 
connected across running section 1 in Figure 2-36 for one 
direction of rotation. 

For reversed rotation, the external lead of the starting¬ 
winding circuit is changed to the position shown in Figure 
2-37, where it is connected across running section 2. This 
changes the direction of current through the starting 
winding. 

A schematic diagram showing the windings with three 
leads brought out for reversing purposes is shown in Figure 
2-38. 

9. Single-voltage, Instantly Reversible Capacitor-start 
Motor. Under normal operating conditions, a capacitor- 
start motor must be brought to a complete stop before it 
can be started in the reverse direction, because the cen- 
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trifugal switch cannot close until the motor has almost 
stopped. Since the starting winding is out of the circuit 
when the switch is in the open position, the reversal of 
the starting-winding leads while the motor is running has 
no effect on the operation of the motor. 

Some capacitor-start motors have a reversing switch, 
which is connected as shown in Figure 2-39. This switch 
has three blades, or poles, that move as one unit to either 
of the two positions. In one position, clockwise rotation 
of the motor is provided as shown in the illustration; in 
the other position, the leads of the starting winding are 
reversed for counterclockwise rotation. 

To reverse this type of motor, it is necessary to wait 
until the motor slows down to a point where the cen¬ 
trifugal switch closes and connects the starting winding to 
the line. 

Instant Reversal. For certain types of work, consider¬ 
able time would be lost waiting for the rotor to slow down 
before it could be reversed. To permit instant reversal-— j 

while the motor is operating at full speed, a relay is placed 
in the circuit to short-circuit the centrifugal switch and 
connect the starting winding in the circuit in the opposite 
polarity. 

Figure 2-40 shows such an instantly reversible capacitor- 
start motor with a reversing switch. At rest, the double- 
contact centrifugal switch is in the start position, which 
places the starting winding and the capacitor in series 
across the line. At the same time, the coil of the normally 
closed relay is connected across the capacitor. With the 
manual switch in the FORWARD position, the running 
winding is connected across the line, the starting winding 
and capacitor are in series across the line, and the relay 
coil is connected across the capacitor. 

The voltage developed across the capacitor is applied 
to the relay coil, causing the normally closed relay contacts 
to open. As the motor starts and its speed increases, the 
centrifugal switch is thrown into the running position. 
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This disconnects the capacitor from the circuit and leaves 
the starting winding in series with the relay coil. This coil 
has high resistance and permits only enough current to 
flow through the starting winding to keep the relay contacts 
open. 

During the fraction-of-a-second interval while the switch 
is being thrown from FORWARD to REVERSE, no cur¬ 
rent flows through the relay coil; consequently, the relay 
contacts close. Then, when the switch reaches the RE¬ 
VERSE position, current flows through the now-closed 
relay contacts to the starting winding but in the opposite 
direction. This creates a torque in the direction opposite 
to rotation. As a result the rotor is immediately brought 
to a stop and the centrifugal switch returns to its starting 
position. This places the capacitor in series with the start¬ 
ing winding, and the rotor starts turning in the opposite 
direction. The windings and rotor on this type of motor 
are designed to withstand the strain of quick reversal. 

10. Two-speed, Capacitor-start Motor. One method of 
changing the speed on a capacitor-start motor is to change 
the number of poles in the winding. To accomplish this, 
two separate running windings are placed in the slots. Usu¬ 
ally these consist of a six-pole winding and an eight-pole 
winding. One starting winding is used, which acts in con¬ 
junction with the higher speed running winding. The cen¬ 
trifugal switch is of the double-action, or transfer, type, 
having two contact points on the start side of the switch and 
one contact point on the run side of the switch. An external 
switch is used to change the speed of the motor. Figure 
2-41 shows a schematic diagram of a two-speed capacitor- 
start motor. 

This motor always starts on high speed, regardless of 
whether the speed switch is on HIGH or LOW. If this 
switch is set on LOW, the starting winding and high-speed 
running winding are cut out of the circuit by the centrifugal 
switch as soon as the motor comes up to speed; at the same 
time, the centrifugal switch cuts in the low-speed winding. 
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The three windings used on this motor are placed in the 
slots in a definite relationship to one another, as shown 
in Figure 2-42. This is a typical layout of the pitch of 
the coils in a 36-slot motor. 

11. Two-speed Capacitor-start Motor with Two Capaci¬ 
tors. This motor has two running windings, two starting 
windings, and two capacitors. One capacitor is used for 
high-speed operation and the other for low-speed operation. 
A double centrifugal switch disconnects the starting wind¬ 
ings from the circuit after start. Figure 2-43 shows a 
diagram of this type of motor. 

CAPACITOR START-AND-RUN MOTOR 

The capacitor start-and-run motor is quiet and smooth 
— running. It is similar to the capacitor-start motor, except 
that the starting winding and capacitor are connected in the 
circuit at all times. Some of these motors start and run 
with one value of capacity in the circuit. These are called 
single-value capacitor-run motors. Others start with a 
high value of capacity and, by means of a switching ar¬ 
rangement, run with a low value of capacity. These are 
known as two-value capacitor-run motors. 

Single-value Type of Capacitor-run Motor 

Some of the types of single-value motors are 

1. Single-voltage 

2. Two-voltage 

3. Single-voltage, reversible 

4. Two-speed, single-voltage 

5. Three-speed, single-voltage 

These motors and their connections are described in the 
following paragraphs. 

1. Single-voltage, Single-value Capacitor-run Motor. This 
motor is similar in all respects to the capacitor-start motor, 
except that it does not contain a centrifugal switch. It has 
two windings, one running and one starting, and these are 
placed 90 electrical degrees from each other. A capacitor 
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may be mounted on top of the motor or set up separately. 
The capacity is generally low, the value ranging from ap¬ 
proximately 3 to 16 [if. The capacitor is usually a paper- 
insulated type and may be oil-filled. 

The low value of the capacitor results in a motor of 
medium starting torque. Consequently, this motor can be 
used only on applications that are satisfied by this condi¬ 
tion. Such applications include oil burners, voltage regula¬ 
tors, and fans. The single-value capacitor-run motors are 
quiet and smooth-running in operation. 

The connections of the windings are identical with those 
of the capacitor-start motor, except that the centrifugal 
switch is omitted. A wiring diagram of the single-value 
capacitor motor is shown in Figure 2-44. 

To reverse the motor shown in Figure 2-44, it is neces¬ 
sary to remove the end bracket and reverse the leads of the 
starting winding in respect to the running winding. To 
avoid the future necessity for removing the bracket, four 
leads can be brought out of the motor or to the terminal 
board on the motor as illustrated in Figure 2-45. 

2. Two-voltage, Single-value Capacitor-run Motor. This 
motor, illustrated in the diagram of Figure 2-46, differs 
from the dual-voltage, capacitor-start motor only in that 
it has no centrifugal switch. Two running windings (or 
a two-section running winding) and one starting winding 
are used. The running windings are connected in series 
for high-voltage and in parallel for low-voltage operation. 
With either connection, the starting winding is always con¬ 
nected across one running winding. As in the two-voltage 
capacitor-start motor, both sections of the running winding 
are identical and can be wound one at a time or with two 
wires by the hand-winding method. 

3. Single-voltage, Reversible Capacitor-run Motor. This 
motor has medium starting torque and is used for control 
of valves and rheostats. It has two main windings, placed 
90 electrical degrees from each other. These windings are 
identical. One serves as the running winding and the other 
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as a starting winding for one direction of rotation. During 
the reverse rotation, the one that formerly served as the 
running becomes the starting winding, while the former 
starting winding serves as the running winding. These 
windings may be formed in the same manner as those in 
the capacitor-start motor. 

The principle of operation of this motor depends upon 
the fact that the direction of rotation of the rotor is always 
from a starting-winding pole to an adjacent running-wind¬ 
ing pole of the same polarity. Tracing the circuit shown in 
Figure 2-47 shows that when the switch is in the forward 
position, current travels through winding b to the other 
side of the power line. The current also takes a path 
through the capacitor and winding a back to the line. Thus, 
winding a acts as the starting winding, and winding b acts 
as the running winding, causing rotation in one direction. 

If the switch is in the reverse position, winding a becomes 
the running winding, and winding b acts as the starting 
winding. The motor then rotates in the opposite direction. 

4. Two-speed , Single-voltage , Single-value Capacitor-run 
Motor . Unlike the two-speed capacitor-start motor, this 
single-voltage motor does not require a change in the 
number of poles in order to produce a decrease in speed. 
Instead, advantage is taken of the fact that the speed of 
rotation of the rotor is never as fast as the speed of the 
rotating magnetic field set up by the stator. The difference 
between these two speeds is called slip. A decrease in the 
strength of the magnetic field increases the slip and there¬ 
fore causes a decrease in the speed of the rotor. 

To obtain-a lowered voltage for the running winding, an 
auxiliary running- winding is connected in series with the 
main running winding. The auxiliary winding is wound in 
the same slots as the main running winding. The starting 
winding is placed 90 electrical degrees from the running 
winding. 

In the diagram in Figure 2-48, with the speed switch on 
LOW, running and auxiliary windings are in series across 
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the line. Thus the line voltage divides between the two 
windings, and only a portion of the line voltage is applied 
to the running winding. Consequently, this lowered voltage 
decreases the field strength of the running winding and 
causes a decrease in speed. The starting winding for the 
LOW-speed connection is in series with the capacitor and 
across the line. 

With the speed switch set on HIGH, the main running 
winding is across the line while the auxiliary winding is 
in series with the starting winding and the capacitor. The 
main winding now has full voltage and, consequently, a 
greater field strength. This reduces the slip and causes the 
rotor to run faster. Figure 2-49 shows a wiring diagram 
of this motor. 

The auxiliary winding may be wound with a different 
size of wire than that employed in the main running wind¬ 
ing but is always placed in the same slots as the main 
winding. The procedure in winding is to put the main 
winding in the slots first, next the auxiliary winding, and 
then the starting winding, which is placed 90 electrical 
degrees from the other windings. Suitable insulation should 
be used between windings. 

To reverse this motor, reverse the star ting-winding leads. 
Figure 2-50 shows a winding diagram of a two-speed, single¬ 
value capacitor-run motor connected for high speed. 

5. Three-speed, Single-voltage Capacitor-run Motor . This 
motor is similar to the one just described, except that it 
has a tap at the center of the auxiliary winding as shown 
in Figure 2-51. There is thus formed one running winding, 
one auxiliary winding having two sections, 1 and 2, and one 
starting winding. 

The schematic diagram of Figure 2-51 also shows how the 
windings are connected for the three speeds. On HIGH 
speed, the running winding is across the line, and auxiliary 
windings 1 and 2 and the starting-winding circuit are in 
series across the line. For MEDIUM speed, the running 
winding and half the auxiliary winding (section 1) are 
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connected in series, and the other half of the auxiliary wind¬ 
ing (section 2) is connected in series with the starting 
winding circuit across the line. For LOW speed, the run¬ 
ning winding is connected in series with both auxiliary sec¬ 
tions across the line. The starting winding circuit is also 
across the line. In all three connections, the capacitor 
remains in series with the starting winding. 

Figure 2-52 shows a winding diagram of this motor, and 
Figure 2-53 shows a typical layout of the poles for a motor 
of this type. 

Two-value Type of Capacitor-run Motor 

The two-value start-and-run motor starts with a high 
capacity in series with the starting winding. This creates 
high starting torque, which is required by furnace stokers 
and compressors, and so on. For running, a lower capacity 
is substituted by the centrifugal switch. Both the run¬ 
ning and starting windings remain in the circuit at all times. 

The two values of capacity can be obtained by using two 
capacitors in parallel at the start and then disconnecting 
one for low-value run; or by using a transformer in con¬ 
junction with one capacitor so that the effective capacity 
value is increased for starting. 

Use of Transformer-capacitor Unit. Instead of using two 
capacitors, some motors utilize an autotransformer and one 
capacitor to provide the high value of capacity required 
for starting. The transformer steps up the voltage applied 
to the capacitor, then the centrifugal switch transfers the 
circuit, so that the voltage is reduced for running. The 
higher voltage can be placed across the capacitor for only 
a few seconds; otherwise it will cause a breakdown in the 
capacitor insulation and thus a short circuit. 

The autotransformer consists of a laminated iron core 
on which is wound a coil of copper wire having several 
taps as shown in Figure 2-54. The capacitor is usually 
connected to points a and d, the ends of the transformer 
winding, as shown in Figure 2-55. If point b is the center 
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tap and power line is connected to taps a and b, twice the 
line voltage is applied to the capacitor. 

When approximately twice normal voltage is applied to 
the capacitor, the effective capacity increases as the square 
of the transformer voltage ratio, which is 2 to 1. There¬ 
fore, the effect of the capacity will be increased 2 X2, or 
four times. If the value of the capacitor is 4 pf, then its 
effective capacity with the transformer added to the circuit 
is 4 X 4 or 16 jjf. 

If tap b is one-quarter of the total number of turns be¬ 
tween point a and point d, the ratio of the capacitor voltage 
to line voltage will be 4 to 1. The effective capacity will 
therefore be sixteen times the normal capacity of 4pf, or 
16 X 4 = 64 pf. 

If the transformer is tapped so that the ratio of capacitor 
voltage to line voltage is 4 to 1, then a 6-pf capacitor would 
have an effective capacity of 96pf, which may be sufficient 
to produce a high starting torque. The ratio is changed by 
the centrifugal switch moving to another tap, when the mo¬ 
tor reaches approximately 75 per cent of full speed. The 
motor then operates with a normal capacitor value. The 
switching circuit is shown in Figure 2-56. 

Usually oil-insulated capacitors of approximately 4 to 
16 pf are used in this type of motor. The capacitor and 
transformer are sealed in a rectangular iron box and 
mounted on top of the motor. Figure 2-57 illustrates a 
stator-connection diagram for this motor. 

Both two-capacitor types and capacitor-transformer 
types will be found in the following two-value capacitor- 
run motors: 

1. Single-voltage, nonreversible 

2. Single-voltage, reversible 

3. Two-voltage, nonreversible 

4. Two-voltage, reversible 

5. Two-voltage, with thermostat 

1. Single-voltage , Nonreversible Capacitor-run Motor . 
This motor has two windings, one running and one start- 
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ing, placed 90 electrical degrees from each other. The ca¬ 
pacitors are mounted on top of the motor; one is a high- 
capacity, electrolytic type and the other is a low-capacity, 
paper-insulated type. On start, the capacitors are con¬ 
nected in parallel with each other and in series with the 
starting winding, as shown in Figure 2-58. After the motor 
has reached approximately 75 per cent of full speed, the 
electrolytic capacitor is disconnected from the circuit by 
the centrifugal switch, leaving only the paper capacitor in 
the circuit. The running winding is connected across the 
line. 

2. Single-voltage, Reversible Capacitor-run Motor. This 
motor is similar to the motor just described, except that a 
capacitor-transformer unit is used. Four leads are brought 
out of the motor to make it externally reversible, two from 
the running winding and two from the starting winding 
circuit. To reverse the motor, it is necessary only to inter¬ 
change leads T 2 and T 4 , as shown in Figure 2-59. 

3. Two-voltage, Nonreversible Capacitor-run Motor . 
This motor is similar to the two-voltage capacitor-start 
motor, except that two capacitors are used at starting. 
Two running windings and one starting winding are used. 
The starting winding is always connected across one main 
winding. Figure 2-60 shows the connections of the wind¬ 
ings of this motor for 110 volts; Figure 2-61 shows 220- 
volt operation. 

On start, the capacitors are connected in parallel and are 
in series with the starting winding. The electrolytic ca¬ 
pacitor is connected in series with the centrifugal switch. 
When the motor reaches approximately 75 per cent of full 
speed, the centrifugal switch opens and disconnects this 
capacitor from the circuit. The paper capacitor remains in 
the circuit, as does the starting winding. For external re¬ 
versing, the two starting-winding leads must be brought 
out, as shown in Figure 2-62. 

One type of two-value motor uses two capacitors, which 
are constructed to fit one inside the other. The electro- 
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lytic capacitor is shaped like a hollow cylinder, and the 
running capacitor is cylindrical and fits inside the electro¬ 
lytic capacitor, as shown in Figure 2-63/1. The two units 
are sealed into one container. A diagram of a motor having 
the double-unit capacitor mounted on the top is shown 
in Figure 2-63 B. 

4. Two-voltage Capacitor-run Motor with Capacitor 
Transformer. This motor contains windings that are sim¬ 
ilar to those of the previous motor, the only difference 
being in the type of capacitor unit used. On start, the 
double-contact centrifugal switch permits a step-up of volt¬ 
age in the capacitor which produces high effective capacity. 
After the motor reaches proper speed, the centrifugal switch 
transfers contact to the run position, and a normal voltage 
is applied to the capacitor. The capacitor-transformer 
unit remains in the circuit. Figure 2-64 shows a diagram 
of this motor. The motor is reversed by interchanging the 
leads of the starting winding. 

5. Two-voltage Capacitor-run Motor with Thermostat. 
On any motor of this type, the overload protection unit is 
placed in series with the line, as shown in Figure 2-65. 

The method of rewinding the two-voltage motor differs 
slightly from that of the single-voltage motor, since an ad¬ 
ditional running winding must be considered. A complete 
running winding is wound in the regular manner; then a 
second complete running winding is wound over the first, 
with the same number of turns and the same size of wire 
and in the same slots. Thus, two complete, similar wind¬ 
ings are placed in the same slots, one at a time. These 
windings are insulated from one another to prevent short 
circuits. A second method consists of putting both wind¬ 
ings in the slots at the same time. This is done by winding 
with two wires at a time, each wire representing a running 
winding. 

A starting winding is placed in slots 90 electrical degrees 
from the running windings and is connected in series with 



the capacitor and centrifugal switch. This combination is 
connected across one running winding. 

TROUBLESHOOTING AND REPAIR 

Testing 

Defective capacitors are a frequent source of trouble in 
capacitor motors. They may short-circuit, open circuit, or ^ 
deteriorate with resulting change in capacity. If they—} 
short-circuit, the motor windings may burn out. Poor 
starting or improper operation may result from an open- 
circuited capacitor or one that has changed capacity. 

While both electrolytic and paper condensers are used on 
capacitor motors, the electrolytic condenser is the type most 
frequently used. Both types of capacitors are tested in the 
same manner in the field. The procedure is outlined below. 

"J. —All motor leads must first be removed from the capacitor 

terminals before tests are made. The capacitor is con- — 
nected in series with a 10-amp. fuse across a 110-volt, 60- 
cycle power line, as shown in Figure 2-66. If the fuse burns — 
out, the capacitor is short-circuited and must be replaced 
by a new unit. If the fuse does not burn out, the capacitor 
will “charge” in a few seconds, after which the line leads 

are removed. The terminals must not be touched after the -- 

charging process, as serious injury may result. 

After the line leads are removed, the capacitor terminals 
are short-circuited with a screw driver, and care must be 
taken to hold only the wooden handle when doing this. 
Figure 2-67 shows the method. A snappy spark should be 
visible. If the capacitor does not show a spark, it has •—- 
probably seriously decreased in capacity or is open. This 
test should be tried several times to make certain that the 
capacitor has been properly charged by the a-c power 
supply. 

7 -— A visible spark when the capacitor is short-circuited is 
* not always an indication that it is in good condition, since 
a unit that has decreased in capacity may also produce a 
small spark. This is especially true of the electrolytic 



capacitor, which, because of its chemical content, may de¬ 
teriorate and therefore decrease in capacity. 

When, as a result of these simple tests in the field, a 
capacitor is suspected of being defective, it is advisable to 
replace it. Spare capacitors are usually carried by the serv¬ 
iceman for just this purpose. If on replacement the motor 
starts and has proper torque, it may be concluded that the 
capacitor was at fault. 

The same procedure is applied in the shop. However, 
if it is desired to determine the fault, four tests can be 
made which will determine the effectiveness of the capaci¬ 
tor. These tests are for capacity, shorts, opens, and grounds. 

Capacity Test . To determine the strength of a capacitor 
in microfarads, it is necessary to employ an a-c voltmeter 
and an a-c ammeter. If the capacitor is mounted on the 
motor, remove all wires from the terminals before testing. 
Connect the capacitor across a properly fused, 110-volt, 60- 
cycle line. Place an ammeter in series with the^c apacitor 
and a voltmeter across it, as shown in Figure(2- 68j In the 
following tests, the electrolytic capacitor shouldmekept in 
circuit for a very short period. 

From the meter readings, the capacity of the condenser 
in microfarads can be obtained from the formula 

-Capacity in microfarads = 2,650 ^>< amperes 

volts 

This formula is used when the test is performed with 
60-cycle current. The capacity as determined from the 
formula should be approximately equal to the rated capac¬ 
ity of the capacitor. If it is more than 20 per cent below, 
the capacitor must be replaced. 

— Test for Opens . This test may be made by using the 
same procedure as above. If the ammeter does not regis¬ 
ter, an open exists in the capacitor and it must be replaced. 

* Thst for Shorts . If a fuse burned out in the previous test, 
it would indicate a shorted capacitor. However, an ordi¬ 
nary test lamp in series with a 110-volt, d-c line can be 
used for short tests. The capacitor is connected to the test 
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leads, as shown in Figure 2-69. If the lamp lights, a short 
is indicated. This test cannot be applied with alternating 
current, since the lamp would light even when the capacitor 
was in good condition. 

Test for Grounds . A capacitor can be tested for a ground 
with the test lamp, and either alternating current or direct ^ ^ 
current can be used. One test lead is held to one terminal 
of the capacitor while the other test lead is held on the 
aluminum container, as shown in Figure 2-70. If the lamp 
lights, a ground is indicated. If it does not light, this test 
should be repeated, using the other terminal of the capaci¬ 
tor. 

In all these tests, indication of even a slight defect calls 
for replacement of the capacitor; otherwise, operation of 
the motor may be faulty. 

Test of the Windings . If the capacitor is replaced and 
the motor still does not run, or if it does not run properly, 
it will be necessary to test the motor windings. Windings 
on the capacitor motor are similar in nearly all respects to 
those on the split-phase motor, and therefore the same tests 
should be given. The tests include those for grounds, 
shorts, opens, and reverses and are usually made in the 
shop, rather than on the job. Refer to the chapter on split- 
phase motors for the procedure used in testing windings. 

Repairs 

A good rule to follow in testing capacitor-start and two- 

_value, two-capacitor motors is to replace the capacitor and 

see if the motor runs. Always try this test if inspection 
reveals no other faults. 

If the capacitor-start motor fails to start, the trouble 
may be a defective capacitor or a burned-out fuse. In ad¬ 
dition, the trouble may be due to open windings or centri¬ 
fugal switch, shorted windings, worn bearings, or overload. 

Since these troubles and their remedies also apply to the 
split-phase motor, they are discussed in detail in Chapter 1. 

^ ^ If the motor hums and then blows a fuse shortly after 

)i 
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current is applied, a defective capacitor should be sus¬ 
pected. The defect may be either a short, an open, or loss 
of capacity. In any case, the starting-winding circuit will 
be inoperative and therefore prevent the motor from start¬ 
ing. 

To determine definitely that the capacitor is the cause of 
the trouble, replace it with another of equal rating, as 
shown in Figure 2-71. If the motor then starts with proper 
torque, there is no need to look further for trouble. 

If no capacitor is available for substitution, the rotor 
may be turned by mechanical means and the switch thrown 
to the on position. If the motor continues to rotate, the 
trouble is in the starting-winding circuit, which includes the 
capacitor. This does not conclusively prove a defect in the 
capacitor, but it is a fairly reliable sign of such trouble. 

As in the case of the split-phase motor, troubles in a 
capacitor motor may be due to a defective starting wind¬ 
ing or centrifugal switch. All of these must be checked in 
order to determine the exact cause of the troubles. De¬ 
tailed information, on these defects is given in Chapter 1. 

Single-value, Capacitor-run Motor. The tests just de- >— j 
scribed are applicable to this type of motor also, except that 
centrifugal-switch trouble will not be encountered, since 
such a switch is not employed. 

Two-value, Capacitor-run Motor. In the two-capacitor 
type of motor, the electrolytic capacitor may become defec¬ 
tive and prevent the motor from starting. If it runs per¬ 
fectly, once it is started mechanically, the starting capacitor 
should be replaced with a new unit, and it should be deter¬ 
mined whether the motor has proper starting torque. If it 
does not run perfectly after mechanical starting, the running 
capacitor must also be replaced. 

In the type of motor using two capacitors in one con¬ 
tainer, it is usually the electrolytic capacitor that becomes 
defective. The electrolytic capacitor is the outer part of 
the double unit. If it becomes defective, it is necessary to 
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replace the entire unit; or, since this may involve consider¬ 
able expense, it may be more economical to attach another 
electrolytic capacitor to the motor in place of the old one. 

Another method of repair is to remove the unit, substitut¬ 
ing for it an electrolytic capacitor whose capacity is ap¬ 
proximately equal to that of the double unit. This con¬ 
verts the motor from a two-value capacitor-run type to a 
capacitor-start type. Such an alteration lowers the effi¬ 
ciency of the motor slightly, but not enough to interfere 
with its performance. 

If the running capacitor in a two-capacitor motor is 
defective, a simple repair consists of disconnecting the run¬ 
ning capacitor from the circuit, as shown in Figure 2-72. 
The motor then runs as a capacitor-start motor with slightly 
lowered efficiency. It is assumed that the rest of the motor 
is in good condition. 

Two-value Capacitor-transformer Motor. The usual 
trouble when this motor fails to run is a defective capacitor- 
transformer unit. Either the capacitor or the transformer 
or both may break down, with the result that the motor has 
very poor starting torque, if it runs at all. Repairing the 
transformer is a lengthy process and is not recommended. 
A better method is to remove the transformer and replace 
it with an electrolytic capacitor, as shown in Figures 2-73 
and 2-74. This results in a two-value two-capacitor motor, 
if the paper capacitor is in good condition. Another way of 
repairing this type of motor is to remove both the trans¬ 
former and the capacitor from the iron container and re¬ 
place them with an electrolytic capacitor whose value is 
equal to the effective capacity of the unit. This results in 
a capacitor-start motor having the required starting torque. 
The efficiency will be slightly less and it will not run as 
quietly. It may be difficult to determine the capacity, and 
so the repairman must effect the replacement with a capaci¬ 
tor usually employed on a motor of the same horsepower. 
The motor is run with the new capacitor and watched very 
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carefully to see if the starting torque and starting current 
are within the required ranges. 

Some shops have a setup whereby capacitors of different 
capacity can be inserted in the circuit. An ammeter is also 
connected in series with the line so that the current flow 
can be measured. The capacity rating that gives the high¬ 
est torque with the lowest current flow is generally the cor¬ 
rect one to use. This test setup is particularly valuable 
when a capacitor-start motor without the capacitor is 
brought to the shop to be repaired. 

Other troubles on the two-value motor are similar to 
those on the split-phase motor. The following paragraphs 
provide a check list of symptoms and the typical troubles 
that they indicate. Remedies for these troubles appear in 
Chapter 1 and in this chapter. 

1. If the motor has poor starting torque or starts with 
difficulty, the trouble may be due to 

(а) Defective capacitor 

(б) Worn bearings 

(c) Shorted windings 

( d ) Loose rotor bars 

(e) Wrong connections 

2. If the fuse burns out when current is applied to the 
motor, look for 

(а) Shorted winding 

(б) Shorted capacitor 

(c) Open winding 

(d) Grounded winding 

( e ) Overload 

(/) Badly worn bearings 

( ; g) Defective centrifugal switch 

3. When the motor hums, but does not run, suspect 

(a) Defective capacitor 

( b ) Open starting or running winding 

(c) Overload 

4. Smoke from a motor while running may be due to 

(a) Shorted windings 
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( b ) Failure of centrifugal switch to open starting-wind¬ 
ing circuit 

(c) Bearing trouble 

(d) Overload 

( e ) Defective autotransformer 



CHAPTER 3 


Repulsion-type Motors 


In general, repulsion motors may be divided into three 
distinct classifications. These are (1) the repulsion-start, 
induction-run motor, (2) the repulsion motor, and (3) the 
repulsion-induction motor. Each is described in detail 
below. 

These three classes are often confused by the. beginner 
because of the similarity of names. But each is different 
from the others, having its own characteristics and applica- 
tionsT" However, one feature common to all is that each 
has a rotor containing a winding that is connected to a com¬ 
mutator. Figure 3-1 shows a repulsion-induction motor. 
These motors generally operate from a single-phase light¬ 
ing or power circuit, depending on the size of the motor. 

CONSTRUCTION 

All repulsion motors consist of the following parts: 

-1. A stator having one winding similar to the main or 

running winding of a split-phase motor. On some of the 
older motors the stator has two windings, the purposes of 
which will be described later. Figure 3-2 shows a stator of 
a repulsion-induction motor. 

2. A rotor, which is a slotted core into which a winding 
is placed and connected to a commutator. The rotor is 
similar in construction to the armature of a d-c motor and 
will henceforth be referred to as the armature . The slots 
are generally skewed to produce the same starting torque, 
regardless of the position of the armature and to reduce 
magnetic hum. Figure 3-3 illustrates the armature of a 
repulsion-induction motor. 
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The commutator may be one of two types: an axial com¬ 
mutator, with bars parallel to the shaft, or a radial com¬ 
mutator, with bars perpendicular to the shaft. 

3. Two end plates or brackets that support the bearings 
in which the armature shaft must turn. 

4. Brushes made of carbon, which fit in the brush hold¬ 
ers. The brushes ride against the commutator and are used 
to conduct current through the armature winding. 

^ 5. Brush holders, supported either on the front end plate 
or on the armature shaft, depending on the particular type 
of motor. 


7 

1 


THE REPULSION-START, INDUCTION-RUN MOTOR 

This is a single-phase motor ranging in size from approxi¬ 
mately Yui hp. to 20 hp. It has high starting torque and a 
constant-speed characteristic. It is used in commercial re¬ 
frigerators, compressors, pumps, and other applications re¬ 
quiring high starting torque. 

Repulsion-start, induction-run motors are of two differ¬ 
ent designs. In one, known as the brush-lifting type, the 
brushes are automatically moved away from the commuta¬ 
tor when the motor reaches approximately 75 per cent of full 
speed. This type generally has the radial form of com¬ 
mutator (Fig. 3-4). In the other, called the brush-riding, 
the brushes ride on the commutator at all times. This type 
~ has the axial form of commutator, as shown in Figure 3-3. 

j^The brush-riding arrangement is used almost exclusively on 
^ smaller motors, whereas the brush-lifting arrangement is 
used for both small and large motors. In their other oper¬ 
ating principles, these motor types are identical. 


Operation of the Brush-lifting, Repulsion-start, Induction-run 
Motor 

— To produce a reasonably high starting torque in the re¬ 
pulsion motor, a winding is placed on the armature. When 
the winding on the stator is excited by current supplied 
from the line, a flux is set up which induces current in the 
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armature winding. The poles formed on the stator and on 
the armature have the same polarity, thus causing a repul¬ 
sion torque from which the motor obtains its name. 

After the motor reaches approximately 75 per cent of full 
speed, the commutator bars of the armature winding are 
short-circuited by means of a centrifugal device. The arma-^J 
ture then acts like a squirrel-cage rotor. The motor con-pS 
tinues to rotate as an induction motor, just as the split-' 
phase motor did (see Chapter 1). 


( P 


The Centrifugal Short-circuiting Device 

The centrifugal mechanism consists of several parts which 
are located in the armature. These are shown in Figure 
3-5 and consist of (1) governor weights, (2) short-circuiting 
necklace, (3) spring barrel, (4) spring, (5) push rods, (6) 
brush holder and brushes, and (7) lock washers. These are 
assembled as shown in the cutaway view of a complete 
rotor in Figure 3-6. 

When the armature reaches approximately 75 per cent 
of full speed, the governor weights are thrown outward, 
causing the push rods to move forward. These in turn 
push the spring barrel forward and allow the short-circuit¬ 
ing necklace to contact and short the commutator bars. At 
the same time, the brush holder and brushes are moved 
away from the commutator to save the brushes and the 
commutator from unnecessary wear and also to eliminate 
objectionable brush noises. 

When assembling the centrifugal device, each part must 
be placed in its proper position. Figure 3-6 shows the parts 
in the order in which they are placed in position. Note 
that the brush holder is part of the armature assembly. 

Some manufacturers use parts which may not be identi¬ 
cal with those shown, but they are essentially the same and 
have a corresponding position in the armature. When the 
mechanism is completely assembled, the brush holders 
should be spaced approximately 0.030 in. from the commu- 
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tator. This distance will vary, depending on the size and 
make of motor. 

Many repulsion-start, induction-run motors have the 
brush holder mounted on the end-plate assembly instead of 
on the armature, but the operation of this motor is similar 
to that of the other in all respects. Instead of the brush 
holder being moved forward, only the brush springs are 
moved away. This has the same effect as moving the 
brushes away from the commutator. The centrifugal device 
is actuated by a governor, as before, which moves the push 
rods forward and causes the necklace to short-circuit the 
commutator. 

Instead of a lock washer, a threaded shaft and nut may 
be used to hold the centrifugal mechanism in place. When 
dismantling this mechanism, it is important to count the 
number of threads before taking off the nut, so that, upon 
reassembling the mechanism, the proper pressure will be 
placed on the governor spring. Figure 3-7 shows the order 
in which these parts a ^assembled .^--^ __ 

Brush-riding, Repulsion-start, Induction-run Motor 

In this motor, an axial commutator is used on which the 
brushes ride. Such a commutator is shown in Figure 3-8. 

The centrifugal apparatus generally used on this motor 
consists of a number of copper segments which are held in 
position by an encircling garter spring, as shown in Figure 
3-9. This assembly is placed in position adjacent to the 
commutator, so that at a preset speed centrifugal force 
will cause the copper segments to short-circuit the com¬ 
mutator bars. The segments are returned to their original 
position by the garter spring when the motor stops. The 
motor runs as an induction motor while the commutator is 
short-circuited. Many types of short-circuiting mechanism 
are made for this motor, but the working principle is essen¬ 
tially the same in all. 

— In the brush-riding type of repulsion-start, induction-run 
motors, the brushes do not conduct any current after the 
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motor attains speed, even though they ride on the commu¬ 
tator. 

The number of brushes that ride on the commutator or¬ 
dinarily depends on the number of poles in the motor. A 
four-pole motor would have four brushes (Figure 3-10). 

Two brushes will suffice if the armature is wave-wound or 
cross-connected as will be explained later in the chapter 
(Figure 3-11). 

Stator Windings and Connections 

The stators of repulsion-start, induction-run motors have 
one winding, like the running winding of the split-phase or 
capacitor motor. The coils of each pole are concentric and 
are put in the slots in exactly the same manner as in the / 
split-phase motors. Since skeins are impractical, because ij~ 
of the many turns and the large size of wire used, hand or 
form windings are generally utilized. Insulation of the 
proper size and thickness is placed in the slots to prevent 
grounds. 

Dual Voltage. Most repulsion-start motors are made for 
110- and 220-volt operation, regardless of the number of 
poles and the frequency of the current. The usual method ^ 
of connecting a motor is to connect all poles in series for 
the high-voltage operation and in 2-parallel for low-voltage 
operation. Figure 3-12 illustrates a four-pole stator con¬ 
nected for 220-volt operation, and Figure 3-13 shows the 
same motor connected for 110-volt operation. All dual- 
voltage motors have four wires brought out of the motor to 
permit change-over from one voltage to another. 

Some dual-voltage motors are connected 2-parallel for 
high-voltage operation and 4-parallel for low-voltage oper¬ 
ation. Examples of these methods of connection are shown 
in Figures 3-14A and B and 3-15. 

The majority of repulsion-start, induction-run motors are 
wound for four-pole, 1,750-r.p.m. operation, but some are 
wound for six- and eight-pole operation. To acquaint the 
student with the many different types of connections used 
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on these motors, illustrations for the six- and eight-pole 
motors are included. Figure 3-16 shows the stator windings 
of a six-pole motor, and Figure 3-17 shows the windings of 
an eight-pole motor. Each wiring diagram shows four 
leads out of the motor, which are lettered T Xl T 2 , T s , and 
T 4 . For 220-volt operation, T 2 and T :i are connected to¬ 
gether and taped. The line leads are connected to T x and 
and T 4 . For 110-volt operation, T x and T s are connected 
together and to L x and T 2 and T x are connected together 
and to Lo. 

Recording Data. When it is necessary to rewind the 
stator of a repulsion-start, induction-run motor, care must 
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be taken to record the proper data. Include the pitch of 
the individual coils, the turns, and the size ofVire. Of 
utmost importance is the recording of the position of poles v 
in the stator. The coils of each pole must be put back into 
the same slots in which they were located before the wind¬ 
ings were stripped. If the coils are put in other slots, the 
armature may not rotate, or, if it does rotate it may not 
have the desired torque. 

A simple method of recording the position of the original 
winding is to mark the center slot or slots of each pole with 
a center punch (see Figure 3-18). Another method is to 
make a picture drawing of the position of the poles in the 
frame. Many motors have stator slots that are so con- 
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structed that it is impossible to make an error in winding. 
On these motors the section of the core at the center of each 
pole is wider than the other sections. This construction is 
shown in Figure 3-19. The method of recording the wind¬ 
ing data is similar to that used for the other types of single- 
phase motors so far discussed. Figure 3-20 illustrates a 
typical record of the pitch data of a 24-slot, four-pole motor. 
A typical data sheet is shown on page 71. 

Armature Windings for Repulsion-start, Induction-run Motors 

Armature winding is taken up in detail in Chapter 6, 
Direct-current Armature Winding. However, some of the 
important points in the study of repulsion motors, such as 
cross connections and equalizer rings, are discussed here. 
This material applies not only to repulsion-start, induction- 
run motors but to repulsion and repulsion-induction motors 
as well. 

Construction of the Armature . The details of the arma¬ 
ture are shown in Figure 3-21. The core consists of lamina¬ 
tions punched from annealed high-grade electrical sheet 
steel. These are tightly pressed together and then pressed 
onto the shaft. The slots in the core are generally skewed 
to reduce hum and to eliminate a variation in starting 
torque at different positions of the rotor. 

Commutators of the radial type are either pressed on the 
shaft or screwed on, depending on the make and type of 
motor. Usually on small motors the commutator is pressed 
on, but on large motors it is screwed on the shaft. When 
replacing a press-on commutator, care must be taken to 
apply even pressure on the shaft to avoid tilting the com¬ 
mutator; otherwise, too much of the commutator will have 
to be turned down in a lathe in order to have the commu¬ 
tator run true. These two commutators are illustrated in 
Figures 3-22 and 3-23. 

Some commutators can be reinsulated by taking them 
apart, but most commutators are constructed in such a 
manner that reinsulation is impossible. These commuta- 
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tors are assembled with a composition of bakelite or other 
material that may crack when subjected to the excessive 
heat caused by short circuits. When a repulsion-start in¬ 
duction motor must be rewound because of burnout, it is 
often found that the commutator must also be replaced. 

Winding the Armature . Armature windings are either 
lap or wave. Figure 3-24 shows a lap winding in which the 
end lead of a coil is connected to a commutator bar ad¬ 
jacent to the starting lead of the same coil. 

A wave winding is one in which the starting lead and the 
end lead are connected on opposite sides of the commutator 
for a four-pole motor. For a six-pole motor, the starting 
lead and the end lead are connected approximately one- 
third the number of commutator bars apart; for an eight- 
pole motor, one-fourth the number of bars apart. 

There may be the same number of coils as slots, in which 
case the number of commutator bars must equal the num¬ 
ber of coils or slots. This is called a one-coil-per-slot wind¬ 
ing. Such windings are shown in Figures 3-24 and 3-25. 
An armature may have twice as many coils as slots. In this 
case, the commutator has twice as many bars as slots. This 
is called a two-coil-per-slot winding and is a very popular 
type of winding on small motors. It is shown in Figures 
3-26 and 3-27. When each slot contains three coils, there 
are three times as many commutator bars as slots. This is 
called a three-coil-per-slot winding and is shown in Figures 
3-28 and 3-29. 

Winding Procedure . Assuming a two-coil-per-slot lap 
winding having four poles and 28 slots, the procedure for 
winding the armature is as follows: 

1. Mark the core on each side of one coil with a punch 
or file and trace the leads of this coil to the commutator 
bars to which it connects. These bars are also punch- 
marked. Determine by measurement the number of bars 
to the left or right of the slot to which the leads of this coil 
connect. This is done by stretching a string from the cen¬ 
ter of the slot to the commutator to see which commutator 
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bar lines up with the slot. The number of bars to the left 
or right is recorded as shown in Figure 3-30. 

Strip the armature and record all necessary data such as 
pitch, number of turns, type of winding (lap or wave), coils 
per slot (one, two, or three), pitch of leads, size of wire, etc. 

After the armature is stripped and the data taken, test 
the commutator for faults. If it is of the radial type and 
replacement is necessary, the portion of the commutator 
into which the short-circuiting mechanism fits will have to 
be bored out and enlarged to accommodate the necklace. 
This is done on the lathe with a boring tool either prior to 
or after winding. Extreme care must be exercised, since 
some commutators may be easily broken if not handled 
properly. 

Before new insulation is placed in the slots, remove all 
the old insulation. Armo insulation about 0.015 in. thick 
is usually sufficient for motors of less than 3 hp. The in¬ 
sulation must extend on either side of the core about % in. 
It can be cut a trifle below the top of the slot, or about % 
in. above the slot. This varies with individual practice. 
The best procedure generally is to replace the insulation 
with the same size as the motor originally contained. 

2. Set up the armature on horses in the position shown 
in Figure 3-31 and start winding with two wires in hand. 
To identify the wires, it may be preferable to use one spool 
of wire with cotton-enamel insulation and the other spool 
with Formvar insulation. This avoids the necessity of test¬ 
ing each wire end when it is placed in the commutator bar. 
If two similarly covered wires are employed, either use 
sleeving of different colors for lead identification or cut the 
leads in different lengths. 

Place the beginning leads of the two wires in the notches 
of the correct two commutator bars according to the data 
taken. These wires are usually tapped lightly with a drift 
punch to secure them in the notches. Make sure that all 
insulation on each wire is removed before putting it into the 
notch. Wind the proper number of turns and cut the wires 
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at the slot nearest you, allowing sufficient length of leads 
for connection to the bars. Bend the wires back on the 
core. 

3. Start the next two coils in the next two open slots and 
put the beginning leads in the next two bars as shown in 
Figure 3-32. Wind the proper number of turns; then cut 
the wires and bend them back on the core as was done with 
the previous coils. This procedure is continued until the 
entire armature is wound. 

4. When all the coils are wound, the end leads of each 
are resting on the core ready to be connected to the com¬ 
mutator bars. Place each end lead in the notch of the com¬ 
mutator bar adjacent to the beginning lead of that coil, as 
illustrated in Figure 3-33. Thus, each notch holds two 
leads—a beginning lead on the bottom and an end lead on 
top. Wedges are fitted into each slot on top of the wires 
in order to prevent the wires from being thrown outward 
by centrifugal force when the armature rotates. 

If the armature is coil-wound, that is, if the coils are 
made up on a form and then put into the armature, the 
method of placing the coils in the slots is slightly different. 
When the armature is coil-wound, only the bottom side of 
each coil for the first one-fourth of the total number of slots 
is placed therein. The entire coil is then put into the slots. 
In other words, the top side of the coil is not placed in a 
slot until the bottom half of the slot has a coil unit. 

Make sure that the top leads are connected in the right 
order to avoid having reversed coils. After all the leads are 
connected, proceed to complete the winding by soldering 
all leads, testing, varnishing, and turning down the com¬ 
mutator. 

Equalizer or Cross Connections. Cross connections are 
lengths of insulated wire which connect commutator bars 
of the same potential. For a four-pole motor these com¬ 
mutator bars will be 180 mechanical degrees apart; for a 
six-pole motor, bars 120 degrees apart are connected. These 
connections are generally placed behind the commutator 
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bars and should be made with the same size of wire as the 
i 0 armature winding. New commutators are often supplied 

with the cross connections already in place. 

Nearly all lap-wound armatures used on repulsion motors 
are cross-connected. Circulating currents due to unequal 
air gaps between the armature and the stator are thus min¬ 
imized. Such currents occur when a worn bearing causes 
the bottom side of the armature to be closer to the stator 
than the top side. In addition, the use of two brushes in¬ 
stead of four on a four-pole motor is permitted. On some 
armatures, the cross connections close the circuit through 
the armature. 

To determine the bars in which cross connections are 
placed, it is necessary to know the number of bars, the num¬ 
ber of poles, and whether the commutator is completely 
cross-connected or half cross-connected. A completely 
cross-connected commutator is one in which all commutator 
bars contain equalizer wires. 

To determine the number of bars spanned by each cross 
connection, use the formula. 

g n __ No. of bars 

No. of pairs of poles 

For example, if a commutator has 50 bars and if the 
motor has four poles, the span will be 

50 

Span =— 2 “= 25 bars 

Therefore, to span 25 bars, the first cross connection will 
be between bars 1 and 26; the next connection is between 
2 and 27; and so on. If a six-pole motor has 81 commutator 
bars, the equalizer span will be 8 % = 27 bars, and cross 
connections are made between bars 1 and 28, 2 and 29, 3 
and 30, etc. Figures 3-34 to 3-36 illustrate a 36-bar com¬ 
mutator cross-connected for four, six, and eight poles. 

On lap windings that have no cross connections, it is nec- Cf 

essary to have as many brushes as poles. On cross-con- ~~ / / 
nected commutators, only two brushes are necessary, al¬ 
though more may be used. 
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„ If cross-connected armatures are tested for shorts on the 
growler, a hack-saw blade will vibrate completely around 
the armature, ordinarily indicating a short circuit. How¬ 
ever, this is not the case, and to determine whether or not 
the armature is shorted, it is necessary to use a meter for 
testing. Another method of testing for a shorted armature 
is described on page 84. 

Rewinding a Wave-wound Armature. The method of 
winding a wave-wound armature is similar to that for a 
lap-wound armature, except for the position of the leads in 
the commutator. Figure 3-37 shows a commutator for a 
23-slot, four-pole armature having 45 bars. It has two coils 
per slot and is to be connected as a retrogressive wave wind¬ 
ing. The procedure for winding this motor is as follows: 

1 . Record all necessary data, being careful to note the 
commutator pitch. The formula for determining the com¬ 
mutator pitch of a retrogressive winding is 

No. of bars — 1 45 — 1 

Commutator pitch - 7 -:- 7 —\ — — 0 — 

No. 01 pairs 01 poles 2 

= 22, or 1 and 23 

Any four-pole, wave-wound armature must have an odd 
number of commutator bars. If the commutator has an 


even number of bars, two of them must be shorted. 

Since the armature has two coils per slot, there are 2 X 23 
or 46 coils called for in the armature. However, only 45 
coils can be connected to the 45-bar commutator. There¬ 


fore, one coil is not connected in the armature circuit. 
Nevertheless, the dead coil must remain in the armature 
for mechanical balancing (see Figure 3-38). 

In all two-coil-per-slot, four-pole, wave-wound arma¬ 
tures, it is necessary to add a coil in the form of a jumper 
lead where the number of bars is 1 more than the number 


of coils. For instance, if the armature had 22 slots instead 
of 23, only 44 coils could be wound on the armature; but, 
since 45 are necessary, an extra coil is put on the armature 
by connecting a jumper between the commutator bars that 
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would ordinarily have been used for the forty-fifth coil. 
Figure 3-39 shows the connection of such a jumper lead. 

2. Start winding the armature by hand with two wires, 
and place the bottom leads in the proper bars according to 
the data. The leads are placed away from the center of the 
coil, as shown in Figure 3-40. This is nearly always the 
case in wave-wound armatures. 

Wind the proper number of turns for each coil; then cut 
the wires, one long and one short for identification, and 
bend them back on the core. If the armature is coil-wound, 
apply colored sleeving on each lead before it is placed in the 
armature slots. 

3. Connect beginning leads into the commutator bars and 
wind the next two coils as shown in Figure 3-41. If the 
armature is coil-wound, the coil is placed in the slots before 
the beginning leads are connected to the commutator bar. 

4. After the coils are wound, the end leads are put in the 
commutator bars on top of the beginning leads, as shown 
in Figure 3-42. The first top lead is usually tested to make 
sure it is placed in the right commutator bar. All the others 
are put down in sequence, since each one is identified either 
by its length or by its color. It is essential that the proper 
commutator pitch be used, otherwise the armature may 
not operate. In this wave winding the top and bottom leads 
go away from each other. In a lap winding, the leads go 

If toward each other. 

5. The procedure from here on is the same as that given 
for d-c armatures in Chapter 6. The armature can be 
tested for shorts on the growler as described on page 172. 

Reversing the Repulsion-start, Induction-run Motor 

If a closed coil of wire is placed alongside and in the same 
plane as a field pole supplied with alternating current, the 
coil will turn until it is at right angles to the field pole, as 
illustrated in Figure 3-43. For this to take place, the coil 
must be slightly tilted; otherwise a torque will be produced 
in both a clockwise and a counterclockwise direction, with 
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the result that the coil will not turn at all. The current 
induced in the coil of wire causes a pole to be formed similar 
in polarity to that of the field pole. Consequently, the two 
poles are repelled from each other, until the movable one 
rotates to the horizontal position. 

Figure 3-44 shows the armature of a repulsion motor sub¬ 
stituted for the coil. If the two brushes of a two-pole 
motor are shorted, as shown by the heavy line in Figure 
3-44, two equal paths are formed through the coils on the 
armature as if two coils were in a vertical plane. No mo¬ 
tion takes place because the torque is equal in both direc¬ 
tions. 

If the brushes are shifted either to the right or to the 
left (shown in dashed lines), rotation of the armature takes 
place just as it did in the case of the closed coil. If the 
brushes are shifted clockwise, the armature rotates in that 
direction. If the brushes are shifted counterclockwise, the 
armature rotates in that direction. Thus a repulsion motor 
is reversed by shifting the brushes. Usually there are mark¬ 
ings on the end bracket, like those shown in Figure 3-45, 
which correspond to the direction of rotation. To reverse 
a motor, a small screw on the brush-holder bracket is loosr 
ened, and the brush holder shifted to either of the two 
marks. The screw is then tightened before the motor is 
started. This method of reversing applies to both brush¬ 
riding and brush-lifting types of motors. 

Stationary Brush Holders. Many motors, especially the 
brush-riding type, do not have movable brushes. The brush 
holders may be cast as part of the end bracket and therefore 
cannot be moved. Some of these motors are constructed so 
that the field poles are off center. If the entire pole frame 
is reversed, the effect is the same as if the brushes were 
shifted. On some motors, additional stud holes in the stator 
are provided to permit the stator to be moved. To reverse 
such a motor, the end brackets are removed, the frame re¬ 
versed end to end, and the motor reassembled. The two 
positions are shown in Figures 3-46 and 3-47. 
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Cartridge Brush Holders. Another type of motor has two 
off-center brush holders, which are individually moved. To 
reverse such a motor, each brush holder is moved 180 me¬ 
chanical degrees. On some motors, the entire brush-holder 
is removed and then set back in place after it is turned 
through 180 degrees. On other motors, a small setscrew is 
loosened, and the brush holder turned by means of a screw 
driver. These brush holders are illustrated in Figures 3-48 
and 3-49. They usually have an arrow on the cap indicat¬ 
ing the direction of rotation. Turning the off-center brush 
holders shifts the brushes to a new position on the com¬ 
mutator and produces reversed rotation. 

Some motors are constructed for only one direction of 
rotation. On motors of this kind the brush holders cannot 
be shifted, nor can the frame be moved. One good way to 
reverse such a motor is to unsolder the commutator leads 
and move them over several bars, but this cannot always be 
done. Another method is to rewind the stator so that the 
center of each pole is moved at least one slot away from its 
original position. 

Making a retrogressive winding from a progressive one 
will not usually reverse the motor, as it does in a d-c arma¬ 
ture. However, on some motors reversal of rotation may 
result. 

Locating the Neutral Point. If new marks are to be made 
in the end bracket for clockwise and counterclockwise rota¬ 
tion, it is first necessary to locate the neutral point or set¬ 
ting of the brushes. At this setting, the motor will not run 
in either direction. Two such points will be found in the 
ordinary repulsion-start, induction-run motor, one of which 
is the correct setting and the other the incorrect one. To 
determine which is correct, move the brushes to a point 
where the motor does not run in either direction, and then 
shift the brush holder slightly to the right of this point. 
The motor should then run in a clockwise direction. Next 
shift the brush holder to the left of the neutral point. The 
motor should then run counterclockwise. If the wrong 
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neutral point has been used, shifting the brush holder to 
the right would produce counterclockwise rotation. 

THE REPULSION MOTOR 

This motor is distinguished from the repulsion-start, in¬ 
duction-run motor by the fact that it is made exclusively 
as a brush-riding type and does not have any centrifugal 
mechanism. This motor both starts and runs on the re¬ 
pulsion principle. In common with a d-c series motor, it 
has high starting torque and a variable speed characteristic. 
It is reversed by shifting the brush holder to either side of 
the neutral position. Its speed can be decreased by moving 
the brush holder further away from the neutral position. 
This motor is sometimes called an inductive-series motor. 

The stator of the repulsion motor is like that of the re¬ 
pulsion-start, induction-run motor, and the stator poles are 
connected in the same manner. The stator is generally 
wound for four, six, or eight poles. Usually four leads are 
brought out for dual voltage operation. 

The rotor consists of an armature constructed in the same 
manner as the d-c type. It is laminated and generally 
skewed. The winding may be either hand or coil wound 
and is connected either lap or wave. The commutator is 
the axial type and the brushes always ride on the commu¬ 
tator. The brushes are all connected together as in the 
repulsion-start motor. Figures 3-50 illustrates a four-pole 
repulsion motor. 

Compensating Winding 

Some repulsion motors use an additional winding called 
a compensating winding, the purpose of which is to raise 
the power factor and provide better speed regulation. The 
compensating winding is much smaller than the main wind¬ 
ing and is usually wound in the inner slots of each main 
pole and connected in series with the armature. Figures 
3-51 shows the compensating winding and its connections 
to the brushes. Four brushes are necessary. Two of these 
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are connected together and the other two are connected 
in series with the compensating winding. The motor illus¬ 
trated may be connected for dual-voltage operation. To 
reverse this motor, it is necessary to reverse the compensat¬ 
ing leads as well as shift the brush holder. A typical data 
layout diagram for a 36-slot, six-pole motor of this type is 
shown in Figure 3-52. 

THE REPULSION-INDUCTION MOTOR 

It is sometimes impossible to tell the difference between 
the repulsion-induction motor and the repulsion motor by 
external appearance. However, the repulsion-induction mo¬ 
tor has a squirrel-cage winding on the armature in addition 
to the regular winding. The squirrel-cage winding is lo¬ 
cated underneath the slots of the armature, as shown in 
Figure 3-53. The armature is usually lap-wound and cross- 
connected. 

To tell the difference between a repulsion and repulsion- 
induction motor, connect the motor to the line, and permit 
it to reach full speed. Then raise all brushes so that they 
no longer contact the commutator. If the motor continues 
to operate at full speed, it is a repulsion-induction motor. 

Repulsion-induction motors are made in sizes up to about 
10 hp. They are dual-voltage types and can be used for 
general-purpose duty. Figure 3-54 illustrates the connec¬ 
tions of this motor for 220-volt operations. In the field 
of repulsion motors, this type is becoming very popular, 
because of its good all-round characteristics, which are com¬ 
parable to those of the d-c compound motor. 

The advantage of this motor lies in the fact that no 
centrifugal short-circuiting mechanism is used. It has high 
starting torque and, owing to the squirrel-cage winding, a 
fairly constant speed regulation. These motors are also 
made with compensating coils to increase the power factor 
of the motor circuit. An illustration of a compensated 
repulsion-induction motor connected for 110-volt operation 
is shown in Figure 3-55. 
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TROUBLESHOOTING AND REPAIR 

Testing 

As in the case of other motors, repulsion motors are 
tested for grounds, shorts, opens, and reverses. Both the 
armature and stator must be given these tests. 

Test for Grounds. The usual method of testing the stator 
for grounds is. to use the test lamp. Connect one test wire 
to the frame and the other test wire to a stator lead. If 
the lamp lights, a ground is indicated. The method of 
location and repair of the ground is the same as that de¬ 
scribed for the split-phase and capacitor motors. 

The armature windings and the commutator are tested 
for grounds in exactly the same way. On some motors, 
the brush holders are grounded to the end plate. Con¬ 
sequently before the armature is tested for grounds, the 
brushes must be lifted away from the commutator. If a 
ground is indicated in the armature, test for location by 
the meter method as described in Chapter 6. A voltage 
of approximately 1,000 volts, applied between winding and 
ground, may flash at the point of ground and show its 
location. 

Test for Shorts. The stator is tested for shorts by using 
the internal growler, by measuring the drop in voltage 
across each pole, by a resistance measurement of each pole, 
or by feeling for the hottest coil after the motor runs for 
a short time. A shorted coil can also be detected by ap¬ 
plying direct current to the winding and determining the 
strength of each field with a piece of iron. The pole hav¬ 
ing the least attraction or pull is the shorted one. If a coil 
is burned or charred, visual inspection alone will reveal 
the defective coil. 

The armature is tested for shorts with the millivoltmeter, 
or it may be tested on the growler, if the armature is wave- 
wound. It must be emphasized that lap-wound armatures 
with cross connections cannot be tested on the growler. 
Shorted coils produce a low reading on the millivoltmeter 



84 


ELECTRIC MOTOR REPAI R 


and, if tested on the growler, cause a hack-saw blade to 
vibrate. This is explained in Chapter 6. 

A highly satisfactory method of testing for a short cir¬ 
cuit in the armature of a repulsion motor is illustrated in 
Figure 3-56. Remove the brushes or prevent them from 
contacting the commutator. Connect the power line to the 
motor. With the brushes removed, the motor will not ro¬ 
tate. Turn the armature by hand, and if there is a shorted 
coil in the armature, it will have a tendency to stick at 
certain points. Otherwise the armature will turn freely. 
This test should be made only if the bearings are in good 
condition. 

Test jar Opens and Reverses . The stator winding of the 
repulsion motor is tested for opens and reverses as described 
in the previous chapters. The armature is tested for such 
trouble in the manner described in Chapter 6. 

Repairs 

This section applies to all three types of repulsion mo¬ 
tors. The symptoms that are encountered in practice are 
given below. Under each are listed the possible troubles. 
The numbers in parentheses after each trouble indicate the 
correspondingly numbered remedies to be found in the fol¬ 
lowing pages. 

Since only the repulsion-start, induction-run motor has 
a centrifugal short-circuiting merchanism, it is only this 
type that is referred to when the centrifugal switch is 
mentioned. 

1. If the motor fails to start when the switch is closed, 
the trouble may be 

a. Burned-out fuse 

b. Worn bearings (1) 

c. Brushes stuck in holder (9) 

d. Worn brushes (9) 

e. Open circuit in stator or armature (2) 

/. Wrong brush-holder position (5) 

g. Shorted armature (3) 
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h. Dirty commutator (9), (12), (17) 

i. Wrong lead conections (6) 

j. Necklace shorting armature (11) 

2. If the motor does not start properly, the trouble may 
be 

a. Worn bearings (1) 

b. Dirty necklace or commutator (9), (12) 

c. Brushes moving from commutator too soon (10) 

d. Centrifugal mechanism not assembled properly (14) 

e. Brush holder set in wrong position (5) 

/. Short-circuited mechanism worn, broken, or improperly 
assembled. (14) 

g. Governor weights jammed (15) 

h. Improper tension in the spring (16) 

i. Shorted armature (3) 

j. Excessive end play (8) 

k. Overload (7) 

l. Shorted stator (4) 

m. Worn lip on brush holder (18) 

3. If the motor becomes excessively hot, the trouble may 
be 

a. Motor connected for 110-volt operation but being run 
on 220 volts 

b. Shorted armature or stator (3), (4) 

c. Overload (7) 

d. Worn bearings (1) 

e. Broken or burnt necklace (12), (13) 

/. Brush holder out of position (5) 

4. If motor is noisy in operation, it may be caused by 

a. Worn bearings or shaft (1) 

b. Loose centrifugal device (14) 

c. Shorted stator coil (4) 

d. Excessive end play (8) 

e. Dirty short-circuiting device (12) 

5. If the motor burns out a fuse, the trouble may be 

a. Grounded field (19) 

b. Incorrect connections (6) 
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c. Brushes not contacting commutator (9) 

d. Shorted armature (3) 

e. Incorrect setting of brushes (5) 

/. Frozen bearings 

6. If the motor hums but does not run, the trouble may 
be 

a. Wrong lead connections (6) 

b. Worn bearings (1) 

c. Incorrect brush setting (5) 

d. Shorted armature (3) 

e. Shorted stator (4) 

/. Grounded stator (19) 

g. Brushes sticking or not making contact (9) 

h. Dirty commutator (9), (12) 

7. If the motor does not come up to speed, the trouble 
may be 

a. Wrong spring tension on brushes (10), (16) 

b. Dirty or burned necklace (12) 

c. Dirty commutator (9) 

d. Shorted armature (3) 

e. Shorted stator coil (4) 

/. Worn bearings (1) 

g. Push rods too long (10) 

8. If the motor sparks internally, the trouble may be 

a. Open armature coils (2) 

b. Dirty commutator (9) 

c. High mica (20) 

d. Short or sticking brushes (9) 

(1) Worn Bearings. If the bearings are so worn that the 
rotor touches the stator, the motor hums when the switch 
is closed, and the armature has only a slight tendency to 
rotate. With no voltage applied to the motor, test the bear¬ 
ings by trying to move the shaft vertically. Movement 
indicates worn bearings, and the remedy is replacement 
with new bearings. When the bearings are in such a con¬ 
dition, the armature has smooth worn sections on the core, 
indicating that it has been rubbing against the stator. If 
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the bearings are slightly worn, the motor will be noisy and 
run hot, and in some instances it will run slower than 
normal speed. 

(2) Open Circuit in Stator or Armature. To locate the 
position of the open, use the test lamp and proceed as de¬ 
scribed in Chapter 1, Split-phase Motors. After the open 
is located, repair or rewind as the case demands. 

In testing the stator for opens in a repulsion motor, make 
certain to test two circuits. Since nearly all repulsion mo¬ 
tors are dual-voltage motors, four leads are brought out, 
two for each set of poles. 

Opens in the armature are tested and located with a 
meter, as in the case of d-c motors. A burned spot on the 
commutator will indicate the position of the open coil. 
The remedy is to repair the open by reconnecting the 
broken wire or, if the break is not readily accessible, by 
rewinding the entire coil or armature. 

(3) Shorted Armature. If most of the coils of an arma¬ 
ture are shorted, the motor will make a feeble attempt to 
start, then hum, and remain inoperative. If only one or 
two coils are shorted, the motor will run but will have poor 
starting torque. The shorted coil will become hot at start 
and may smoke up if starting is prolonged. 

A good method of testing an armature for shorted coils is 
to remove the brushes and then turn the armature while 
current is flowing through the stator. If the armature 
turns freely without sticking, it is in good condition. Usu¬ 
ally a visual inspection of the armature winding of a re¬ 
pulsion motor will reveal shorted coils. The armature is 
generally completely burned and charred so that the odor 
of burnt insulation is evident. 

It is not a good policy to cut out coils on repulsion mo¬ 
tors. If one or more coils are shorted, the entire armature 
should be rewound. Be sure the commutator is perfect 
before the armature is rewound. 

(4) Shorted Stator. A shorted stator will cause the mo¬ 
tor to run at a slower-than-normal speed and produce a 
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growling noise. In addition, the shorted coils will become 
hot and smoke. Sometimes the motor will not reach the 
speed required for the centrifugal mechanism to operate, 
and, consequently, it draws an excessive current and burns 
out a fuse. Test for this condition with an internal growler. 

(5) Wrong Brush-holder Position. On repulsion motors, 
the brush holder must be set in a definite position for rota¬ 
tion. If the holder moves from this position, either the 
motor will have poor starting torque or it may not run at 
all and a fuse will burn out. This condition will occur when 
the setscrew holding the brush rigging in place becomes 
loose and permits the holder to shift. A similar condition 
arises when the armature is rewound and the leads are not 
put in the proper commutator bars. If the leads are placed 
one or two bars away from the proper position, a new neu¬ 
tral point must be located. 

This will also occur if the stator has been rewound and 
the coils placed one slot away from the original position. 
In either case, a new neutral position must be located, and 
from this, the new position for clockwise and counterclock¬ 
wise direction is located. This can be found by shifting 
the brush holder back and forth until the motor has the 
required torque. 

(6) Wrong Lead Connections. Figures 3-57 and 3-58 
show the errors that are sometimes made by beginners 
when connecting the four external leads of a repulsion 
motor. In both cases, the motor will hum when power 
is applied. To remedy this, reverse one set of motor leads. 

Another error which is made in the lead connections con¬ 
sists of joining terminals T 1 and T 3 together and to line L l 
and terminals T, and T t together and to line L 2 . Study of 
the diagram of Figure 3-59 shows that such a connection 
is equivalent to having an open circuit. With this connec¬ 
tion, the motor will not even hum when connected to the 
line. 

(7) Excessive Load. Overloading a motor prevents it 
from operating at the required speed and causes an exces- 
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sive flow of current. In repulsion-start, induction-run mo¬ 
tors, the centrifugal mechanism will not operate because 
the speed will be insufficient. Instead, they will attempt to 
operate as repulsion motors and will be noisy and very hot. 

( 8 ) Excessive End Play. On some repulsion-start, in¬ 
duction-run motors having radial commutators, excessive 
end play will cause the brush holder to be too great a dis¬ 
tance from the commutator, resulting in poor brush pres¬ 
sure which will produce sparking and may prevent the 
motor from coming up to speed. Allow at the maximum 
% 4 -in. end play by placing washers on the shaft of the 
armature. Make sure, however, that the washers are so 
placed that the core of the armature lines up with that of 
the stator. Quite often, excessive end play will cause noisy 
operation. 

(9) Brushes Not Contacting Commutator. If the brushes 
are stuck or worn, they may not touch the commutator and 
the motor will not start. A dirty commutator or poor 
spring tension will have the same result. If the motor 
does start, considerable sparking will occur. These defects 
are easily detected by inspection and are remedied by 
cleaning the commutator, renewing the brushes or springs, 
or renewing both. 

(10) Brushes Lifting from Commutator Too Quickly. A 
repulsion-start, induction-run motor operates as a repulsion 
motor until it reaches approximately 75 per cent of full 
speed and then comes up to speed as an induction motor. 
It is obvious that if the brushes are moved away from the 
commutator before this speed is reached, the motor will 
not attain full speed. Instead, it will slow down, causing 
the brushes to ride on the commutator again. This cycle 
of operations may continue indefinitely. 

Premature movement of the brushes from the commu¬ 
tator may be due to poor spring tension. On the type of 
motor that has the brush-holder assembly on the armature, 
it may be necessary to replace the spring. On the other 
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type, the tension on the spring may be increased by tight¬ 
ening the nut. 

If the push rods are too long, the brush holder is held 
too far away from the commutator. At start, the brush 
holder should be approximately %2 inch from the commu¬ 
tator. The push rods should be shortened when the com¬ 
mutator is turned down on the lathe. Incorrect assembly 
of the centrifugal mechanism will also cause premature 
movement of the brush holder. 

(11) Necklace Shorting Armature. It is usually the 
fault of the assembly when the necklace shorts the arma¬ 
ture. This can easily be rectified by referring to Figure 3-6 
and reassembling the parts in the proper order, as shown 
there. 

On the brush-riding, repulsion-start motor, the short-cir¬ 
cuiting segments may become welded to the commutator 
bars, or the commutator bars may become grounded. 

(12) Dirty Centrijugal Necklace or Commutator. If the 
necklace is dirty or broken or if that part of the commu¬ 
tator which is shorted by the necklace is dirty, then the 
commutator will not become entirely shorted at the right 
time. Consequently the motor will run in a manner similar 
to that of a squirrel-cage rotor with open-circuited bars. 
Such a motor will not pull a load and will slow down and 
overheat. The motor will also be noisy. The brush-lifting 
type will slow down sufficiently so that the brushes will 
again ride on the commutator, and this in turn will make 
.the motor speed up. But as soon as a load is placed on it, 
it will slow down again. This operation will repeat itself 
until a fuse blows. 

The remedy is to remove all the mechanism and clean 
the necklace, replacing parts if necessary. The commu¬ 
tator must also be cleaned thoroughly. 

(13) Short-circuiting Necklace Broken or Not Operating 
Properly. If the necklace is of the type which consists of 
many individual pieces of copper segments held together 
with a length of wire through holes in each piece, make 
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sure that it is placed on its holder so that the holes are 
toward the rear of the commutator. Each segment also 
has a shoulder that must be in a position to contact the 
commutator. 

If the necklace is the one-piece type, it is so constructed 
that it curves. It is very important that it be assembled 
on the necklace spool to fit the curvature of the spool. 

If the necklace is broken, burned, or assembled improp¬ 
erly, the armature may not be completely shorted after 
it reaches speed. The motor then operates at all times as 
a repulsion motor. The remedy is a new necklace or proper 
assembly. 

(14) Centrifugal Mechanism Not Assembled Properly. If 
the necklace is assembled in such a position that it always 
short circuits the commutator, the motor will.not start. 
If the spring barrel is assembled improperly, the mechan¬ 
ism will jam. Incorrect tension on the spring will cause 
the brushes to lift from the commutator too quickly or too 
slowly. An improperly assembled mechanism may also 
be loose and cause this condition during operation. 

If the centrifugal device is suspected, dismantle it en¬ 
tirely, clean all parts, make sure that each part is in perfect 
condition, and then reassemble correctly. Use Figure 3-6 
as a guide. 

(15) Centrifugal Weights Jammed. When the centrifu¬ 
gal weights are jammed, the motor operates as a repulsion 
motor at all times; it will be noisy and have poor torque. 
If the weights are jammed, the push rods will not operate, 
and consequently the short-circuiting apparatus will be 
inoperable. Further, the brushes will ride on the commu¬ 
tator at all times. 

(16) Incorrect Tension of the Spring. If the spring ten¬ 
sion is insufficient, the commutator will become shorted 
at a very low speed, and the brushes will be lifted from 
the commutator too quickly. This will have the effect of 
producing a low starting torque, and the motor will be 
unable to achieve the speed necessary to 'change over from 
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the repulsion-start condition to the induction-run. The 
spring may have to be replaced or adjusted for the proper 
tension. 

If there is too much tension, the brushes will not release 
nor will the armature become shorted. This will cause 
the motor to run as a repulsion motor at all times, with 
resultant noisy operation and sparking. Remedy this fault 
by adjusting the nut for the proper tension. 

(17) Dirty Commutator. This condition is similar to 
that of sticking brushes, since no current will flow through 
the armature if dirt on the commutator prevents the brushes 
from making contact on the commutator. If such a con¬ 
dition exists, the motor will hum and sparking may take 
place between the commutator and the brushes. The rem¬ 
edy is to clean the commutator with a clean cloth and with 
sandpaper. 

(18) Worn Lip on Brush Holder. A worn lip on a brush 
holder is a common cause of failure, particularly where the 
holder is of white metal. The worn lip causes the holder 
to wobble and give poor brush contact. To remedy, replace 
the brush holder. 

(19) Grounded Field. If the field is grounded in one 
place, the operator may get a shock if the motor is touched. 
If the frame of the motor is grounded according to code 
regulations, a fuse will blow. Two or more grounds on 
the field winding is equivalent to a short and in nearly 
all cases will cause a fuse to blow. The motor may hum 
for a while before the fuse blows. 

(20) High Mica. When the copper bars of a commu¬ 
tator wear more than the mica strips between the bars, 
the condition known as high mica develops. The high mica 
does not allow the brushes to make good contact to the 
commutator and sparking is caused. The remedy is to turn 
down the armature in a lathe and then undercut the mica. 
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Polyphase Motors 


Polyphase motors are a-c motors that are designed for 
either three-phase or two-phase operation. The two types 
are alike in construction, but the internal connections of 
the coils are different. 

THREE-PHASE MOTORS 

Three-phase motors vary from fractional-horsepower size 
to several thousand horsepower. These motors have a fairly 
constant speed characteristic and are made in designs giv¬ 
ing a variety of torque characteristics. Some three-phase 
motors have a high starting torque; others, a low starting 
torque. Some are designed to draw a normal starting cur¬ 
rent; others, a high starting current. They are made for 
practically every standard voltage and frequency and are 
very often dual-voltage motors. Three-phase motors are 
used to drive machine tools, pumps, elevators, fans, cranes, 
hoists, blowers and many other machines. 

Construction of Three-phase Motor 

A three-phase motor is shown in Figure 4-1. It has three 
main parts: stator, rotor, and end plates. Its construction 
is similar to that of the split-phase motor, but it has no 
centrifugal switch. 

The stator is shown in Figure 4-2 and consists of a steel 
frame and a laminated iron core like that used in split- 
phase and repulsion motors and a winding formed of indi¬ 
vidual coils placed in slots. The rotor may be a squirrel- 
cage type or a wound rotor. Both types contain a lami¬ 
nated core pressed onto a shaft. The squirrel-cage rotor 
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is shown in Figure 4-3 and is like that of a split-phase 
motor. The wound rotor is shown in Figure 4-4. It has 
a winding on the core that is connected to three slip rings 
mounted on the shaft. 

The end plates or brackets are bolted to each side of the 
stator frame and contain the bearings in which the shaft 
revolves. Either ball bearings or sleeve bearings are used. 

Operation of the Three-phase Motor 

The coils in the slots of the stator are connected to form 
three separate windings called phases. These are shown 
in Figure 4-5. The windings or phases are connected so 
that a magnetic field is formed inside the stator that causes 
the rotor to turn at a certain speed. 

Rewinding the Three-phase Motor 

Many separate steps are involved in rewinding the three- 
phase motor, as follows: 

1. Taking data 

2. Stripping the winding 


DATA SHEET FOR POLYPHASE MOTOR 

Make 


H.P 

R.PM. 

Volts 

Amps. 

Cycle 

Type 

Frame 

Style 

Temp. 

Model 

Serial* 

Phase 

No. of Coils 

No. of Slots 

Connection 

Size Wire 

No. of Turns 

No. of Groups 

Coils/Group 

No. of Poles 

Pitch of Coil 


3. Insulating the stator 

4. Winding the coils 

5. Placing the coils in the slots 

6. Connecting the coils 
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7. Testing the winding 

8. Varnishing and baking 

Taking Data. The following information is recorded: 
(1) name-plate data, (2) number of slots, (3) number of 
coils, (4) type of connection, (5) number of turns per coil, 
(6) size of coil, (7) pitch of coil, (8) kind of insulation, 
(9) size and kind of wire. 

All these data must be recorded adequately enough to 
enable the repairman to rewind the motor without loss of 
time. 

Figure 4-6 shows the appearance of the stator of the most 
common type of three-phase motor. 

If the stator were cut apart and the slot assembly flat¬ 
tened, it would appear as shown in Figure 4-7. A simpli¬ 
fied diagram is given in Figure 4-8. From the illustrations 
it can be seen that the number of coils is equal to the num¬ 
ber of slots. These are counted and recorded. On some 
motors there are half as many coils as slots. This type 
is known as a basket winding. In this chapter, motors hav¬ 
ing as many coils as slots will be discussed. 

Stripping the Winding . During the process of stripping 
the winding, the remainder of the information necessary 
in taking data can be obtained. Before the wires are re¬ 
moved from the stator, the type of connection must be 
recorded. To determine the stator connection, a good 
knowledge of the different types of connections that are 
used on stators is essential. Connections will be taken 
up later in this chapter. 

Large three-phase motors have open slots in the stator 
as shown in Figure 4-9A. On these it is necessary merely 
to remove the slot wedges and pry out the coils one at a 
time. The small- and medium-sized stator has the semi- 
closed slots shown in Figure 4-9B, and stripping of these is 
more difficult. Since the winding is usually hard-baked, it 
is necessary in most cases to cut the winding on one side of 
the stator and pull the wires through the other side (see 
Figure 4-10). Applying a blow torch to the winding or 
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heating it in an oven will soften the insulating material and 
facilitate stripping. 

One coil must be saved in order to provide the dimen¬ 
sions for the new coils. While stripping the winding, the 
pitch of the coils, the number of turns in each coil, the size 
of the coil, and the size and kind of wire are recorded. 

It is very important to measure the end room of the 
coils before they are removed from the slots. This dis¬ 
tance should be recorded and care taken that the new coils 
do not extend further than this distance from the ends of 
the slots. 

Insulating the Stator . The stator insulation is replaced 
by the same amount and type that were found in the slots 
at the time of stripping. The insulating paper is cut with 
a paper cutting machine to its proper dimensions and then 
can be shaped to fit the sides of the slots. Many shops 
use a small machine called an insulation former for this 
purpose. 

Winding the Coils. Examination of a coil taken from a 
stator will reveal that it has six sides, as shown in Figure 
4-11. This type is called a diamond coil, and the winding 
is called a diamond coil winding. 

On the large three-phase motor, the slots are generally 
open, and the coils are usually completely taped as shown 
in Figure 4-11. Cotton tape is often used for this purpose, 
although varnished cambric and mica are preferable on 
large motors. 

On the medium-sized motor (up to 50 hp.), the slots 
generally are semiclosed. The coils on such motors can¬ 
not be completely taped because the turns of the coil must 
very often be fed into the slot one at a time. Only that 
part of the coil which extends on either side of the slot 
is taped. This construction is shown in Figure 4-12. Many 
shops do not tape the coils at all, but tie them with twine 
on both sides to prevent unraveling. On the fractional- 
horsepower three-phase motor, the coils are not taped be¬ 
cause of their small size (see Figure 4-13). 
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Coils of small motors may be wound into rectangular 
form and then shaped into a diamond form by pulling 
at the center of opposite sides as shown in Figure 4-14. The 
coils are wound on forms whose dimensions are taken from 
the old coil. Figure 4-15 shows how a diamond form can 
be made by putting six nails or similar round stock into a 
piece of wood. If the nails are bent as shown, the coil can 
be removed easily. The form can be held in a hand- or 
motor-turned spindle while winding. 

Gang Winding. Form winding is also used on larger 
motors. The usual practice, called gang winding, is to wind 
several coils before cutting the wire. A special winding 
form for this purpose is shown in Figure 4-16. The wire 
is wound around six wheels mounted on shafts. These 
wheels are removed in order to take the finished coils from 
the form. A number of other types of form are used, but 
those used are nearly the same in construction. Gang- 
wound coils are used almost exclusively on small and me¬ 
dium sizes of polyphase motors. Figure 4-16 shows three 
coils gang-wound. 

The two types of coils shown thus far are used in stators 
that have semiclosed slots. Whether or not these coils 
are taped depends on the individual winder. If the coils 
are not taped, varnished-cambric insulation is usually 
placed between coils when they are inserted in the slots. 
It is essential that insulation be placed between phase- 
coils. This term is explained later. 

Coils for open-slot stators require a special form and 
must be wound to conform to the shape of the slot. Their 
sides must be square or rectangular. Such coils are com¬ 
pletely taped. 

The form for this type of coil consists of a centerpiece 
made of wood or fiber and shaped as shown at (A) in the 
diagram of Figure 4-17. Two sidepieces are clamped to 
the sides of the centerpiece to maintain the shape of the 
coil while winding is in progress. The form is rotated in 
a spindle and the turns of the coil wound in layers. After 
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the coil is completed, it is tied with twine in several places 
to hold the turns together. It is then shaped by means of 
pull blocks and taped. Use of pull blocks is shown at ( B ) 
in Figure 4-17. The coil may be taped first and then 
shaped, according to shop practice. Shaping is also done 
by means of shaping machines. 

If a coil is to be taped after winding, the folowing method 
may be used: Start taping near the end lead of the coil, 
as shown in Figure 4-18. Continue around the coil until 
the second lead as reached. Be sure that each turn of tape 
laps over each preceding turn. The amount of lap should 
be one-half the width of the tape. 

Tape over the second lead and its sleeving for about 1 in. 
Continue taping the coil until the first lead is reached. 
Tape this lead for about 1 in. until the start of taping 
is reached. Tie with tape or cord. 

Coils for semiclosed slots are taped in a similar manner 
except that they are taped at the ends only; that portion 
of the coil which enters the slot- is left untaped. Coils 
are taped by hand, taping machine, and hand-throwing 
taper. 

Placing Coils in Slots. The turns of the coils are in¬ 
serted one by one into semiclosed slots. The ends are some¬ 
times taped after each coil is placed in the slot. 

Use the following procedure: Spread or fan out the turns 
on one side of the coil, and hold the coil at an angle so that 
all the turns can be fed into the slot. Figure 4-19 shows 
this procedure. Make sure that each turn is placed inside 
the insulation. Sometimes the wires are placed between 
the insulation and the iron core by mistake, and a ground 
results. 

Pull the side of the coil through the slot until all the 
turns are in the slot. The other side of the coil remains 
free, as shown in Figure 4-20. Note that a coil side occu¬ 
pies half a slot. 

Continue by placing one side of the second coil in the 
slot beyond the first, as shown in Figure 4-21. Following 
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coils are fitted in the same manner until the slots of a com¬ 
plete coil pitch hold one side of each coil. The second 
side of each coil is left out until the bottom half of each 
slot is occupied by a coil side. The second side of each 
coil is then fitted on top of the first side of a coil several 
slots away, according to the pitch of the coil. 

In this method one side of each coil is in the bottom 
half of a slot, and the other side of the coil is in the top 
half of another slot several slots away, depending on the 
pitch of the coil. The number of coils of which the top 
side is left out is usually one or two more than the coil 
pitch, and they are not put into slots until the stator is 
nearly completed. Make certain that each coil side ex¬ 
tends beyond the slot at both ends and does not press 
against the iron core at the corners. Figure 4-22 shows 
both conditions. In the basket type of winding each coil 
side occupies a full slot. 

Before inserting the second side of each coil, it is neces¬ 
sary to insulate it from the coil already in the slot. 

To insulate between the coil sides in the same slot, fol¬ 
low the procedure given in Figure 4-23 for both open and 
semiclosed slots. 

Another method of insulating between coils in the same 
slots is shown in Figure 4-24. Place a strip of 0.020-in. 
Armo paper or fiber wedge over the bottom coils in the 
slots. Cut the paper so that it is about % in. wider than 
the slot. This will cover the coil completely on top and 
partly on the sides. The strip should also be cut so that 
it extends on both ends of the slot at least % in. 

Connecting the Three-phase Motor 

In the following discussion, we will assume a 36-coil, four- 
pole motor and connect it as a three-phase motor. 

All three-phase motors are wound with a number of coils, 
usually as many coils as slots. These coils are so connected 
as to produce three separate windings called phases, and 
each of which must have the same number of coils. The 
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number of coils in each must be one-third the total number 
of coils in the stator. 

Therefore, if a three-phase motor has 36 coils, each phase 
will have 12 coils. These phases are usually called phase A, 
phase B, and phase C . 

Rule 1 : To find the number of coils in each phase, divide 
the total number of coils in the motor by the number of 
phases. 

Example: 

36 coils lo -i u 

-—-- = 12 coils per phase 

3 phases 

All three-phase motors have their phases arranged in 
either a star connection or a delta connection. 

A star-connected three-phase motor is one in which the 
ends of each phase are joined together. The beginning 
of each phase is connected to the line. Figure 4-25 shows 
the star connection. Because of the pattern formed by the 
phases in the diagram, this circuit is also called a Y 
connection. 

A delta connection is one in which the end of each phase 
is connected to the beginning of the next phase. Figure 
4-26 shows the end of the A phase connected to the begin¬ 
ning of the B phase. The end of the B phase is connected to 
the beginning of the C phase, and the end of the C phase 
is connected to the beginning of the A phase. At each 
connection, a wire is brought out to the line. Another way 
is to connect the end of A to the beginning of C, the end of 
C to the beginning of B , and the end of B to the beginning 
of A . 

Poles . In the motor under discussion, the coils are con¬ 
nected to produce four poles. Thus, in a 36-cell, four-pole 
motor, each pole consists of nine coils, as shown schemati¬ 
cally in Figure 4-27. 

Rule 2: To find the number of coils in each pole, divide 
the total number of coils by the number of poles. 

Example : 


36 coils n i i 

---— = 9 coils per pole 

4 poles 
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To the eye, the coils appear as shown in Figure 4-28. 
To simplify the connection process, each coil can be elimi¬ 
nated from the drawing so that only two leads of the coil 
are shown. Figure 4-29 is such a simplified drawing. 

Groups. A group is a definite number of adjacent coils 
connected in series. In all three-phase motors there are 
always three groups in each pole, one from each phase. 
Thus, one group is from phase A, another group from phase 
B , and a third group from phase C. 

Therefore, if a pole has nine coils, there must be three 
coils in each group. This section of three coils is often 
called a pole-phase group . Three groups in one pole are 
shown in Figure 4-30. 

The coils of any one group are always connected in series. 
This is illustrated in Figure 4-31. Here the end of coil 1 
is connected to the beginning of coil 2. Likewise, the end 
of coil 2 is connected to the beginning of coil 3. The be¬ 
ginning of coil 1 and the end of coil 3 are coil-group leads 
for connection to other groups. Another view of the same 
connection is shown in Figure 4-32. 

Coils are connected into a group when they are indi¬ 
vidually wound. When coils are gang-wound, the groups 
are automatically formed by the method of winding, as 
shown in Figure 4-16. 

Connecting the Coils into Groups. When the num¬ 
ber of coils in each group is known, the coils can be con¬ 
nected into groups, as shown in the diagram of Figure 4-33. 

Rule 3: A simple method to determine the number of 
groups is to multiply the number of poles by the number 
of phases. For example, in the motor being discussed, 4 
poles X 3 phases =12 groups, or groups = poles X phases . 

If the number of groups is known, it is easy to determine 
the number of coils in each group. 

Rule 4: The number of coils in each group is equal to 
the total number of coils in the motor divided by the num¬ 
ber of groups. 


Coils per group = 


total number coils 36 

number of groups 12 


3 
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When a three-phase motor is to be connected, the num¬ 
ber of groups is first determined, and then the coils per 
group are computed. For example, a six-pole, 54-coil three- 
phase motor would have 3 phases X 6 poles or 18 groups. 
Then, 54 coils -r- 18 groups equals 3 coils per group. 

Star Connection. The windings of the motor can now 
be connected. Assume a 36-slot, four-pole, star-connected 
motor. The procedure is as follows: 

1. Connect the coils into groups. There are three coils 
in each group and the coils in each group are connected in 
series. This is shown in Figure 4-33. If the coils are gang- 
wound, the coils are already connected. 

2. Connect the groups of the A phase together as shown 
in Figure 4-34. The groups must be connected so that the 
current will flow through the first A group in a clockwise 
direction and through the second A group in a counter¬ 
clockwise direction, and so on. This will produce alternate 
north and south poles. 

The beginning of the A phase is spliced to a flexible lead 
wire and brought out of the motor. The end of the A phase 
is connected later to the ends of the B and C phases and 
taped. 

3. Connect the C phase exactly like the A phase. To 
simplify connections, skip phase B. The connections of 
phase C are shown in Figure 4-35. 

4. Connect phase B in the same manner as phases 
A and C were connected. Figure 4-36 shows that the start 
of phase B begins at the fifth group. This type of con¬ 
nection, where a group is skipped in order that connection 
of the next phase can be started, is called a skip-group 
connection. In Figure 4-36, the arrows under each group 
point in opposite directions; that is, the first arrow indicates 
clockwise, the second arrow, counterclockwise; the third, 
clockwise; the fourth, counterclockwise. This is one method 
of checking connections for the correct polarity of groups. 

To simplify these diagrams, each group can be shown 
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as a rectangle, as shown in Figure 4-37. Usually they are 
arranged in circular form, as shown in Figure 4-38. 

In these diagrams, the arrows on the line leads all point 
in the same direction. Actually the current at one mo¬ 
ment flows in one line lead and out of the other two, and 
the next moment in two lines and out of one. To be cer¬ 
tain of correct connections, the arrows will be shown pointed 
inward. In all of the diagrams just presented, the B phase, 
or middle phase, has the arrow drawn in the opposite direc¬ 
tion from the two other phases. This provides a check 
for correct connections of three-phase motors. 

A schematic diagram of a three-phase, four-pole, series- 
star motor is shown in Figure 4-39. In this diagram, each 
phase consists of four groups, and this factor determines 
the number of poles in the motor. If there are four groups 
in each phase, it is a four-pole motor. By looking at the 
schematic diagram, it is possible to tell the number of 
poles in the motor by counting the number of groups in 
any phase. 

The star point indicates that it is a star-connected motor. 
The diagram also shows that the groups in a phase are 
connected in series. Therefore, the schematic diagram in¬ 
dicates that the motor is a three-phase, four-pole, series star 
connection. 

Delta Connection. The same motor will next be connected 
as a four-pole, series-delta-connected motor. A better un¬ 
derstanding of this connection may be gained if the sche¬ 
matic diagram of Figure 4-40 is studied before connections 
are made. This diagram shows that the groups are con¬ 
nected in series; also, since there are four groups in each 
phase, that it is a four-pole motor. Since it has no star 
point and is connected by joining the end of the A phase 
to the beginning of the C phase, and so on, it is delta- 
connected. Thus, this is a three-phase, four-pole, series- 
delta connection. 

As in the star connection, the first step is to connect the 
coils into groups. Since this is a three-phase, four-pole 
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motor, it will have 3 phases X 4 poles = 12 groups of 3 
coils each. It is not necessary to show the individual coils, 
since these were shown in the star-connected diagrams. 
Each group has three coils connected in series. It is a 
good policy, when making these diagrams, to mark the 
phase above the group and the arrow underneath the 
group. The next step is to connect the groups of phase A 
for proper polarity, as shown in Figure 4-41. Show the 
first arrow clockwise; the second arrow, counterclockwise; 
third arrow, clockwise; and the fourth arrow, counterclock¬ 
wise. 

1. Connect phase A in the same manner as in the star* 
connection. 

2. Connect the phase C for proper polarity, as shown in 
Figure 4-42. The groups are connected so that the current 
flows into the groups in the direction of the arrows. Con¬ 
nect the end of A phase to the start of C phase. To check 
polarity, see that all arrows indicating line leads are in the 
same direction. 

3. Continue by connecting the end of phase C to the 
beginning of phase B. These connections are given in Fig¬ 
ure 4-43. In tracing this diagram, start at the beginning 
of phase A, trace the current through this phase to the 
beginning of phase C, through C, and finally through phase 
B to the beginning of phase A. 

Since the coils and groups are located in a circle, the 
diagram of Figure 4-44 shows their true position in the 
motor. 

The procedure in connecting either a star or delta motor 
is the same except for the point at which the ends of the 
phases are connected. For a star connection, the ends of 
each phase are connected together for a star point; for a 
delta connection, the ends of each phase are connected to 
the beginning of another phase. 

The star and delta connections shown so far have been 
connected in accordance with the skip-group method. It 
is permissible to connect these motors without skipping a 
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group. Figure 4-45 shows a star connection in which phases 
A, B, and C are connected in that order. 

Although this connection is just as effective as the skip- 
group connection, many winders and repairmen prefer the 
latter for ease in connecting. 

Parallel Connections. Many three-phase motors are de¬ 
signed so that each phase has two circuits or two paths for 
the current to travel. These are called two-circuit, or two- 
parallel, connections. For comparison, the schematic dia¬ 
grams of a series star and a two-parallel star connection 
are given in Figures 4-46 and 4-47. The parallel connec¬ 
tion of the groups in each phase provides two paths for 
the current to follow. 

Phase A of the two-parallel star-connection diagram with 
rectangles is illustrated, with the groups indicated, in Figure 
4-48. Begin by connecting one line wire to groups 1 and 3 
of the A phase. Continue as shown in the diagram. After 
connecting phase A, connect phase C, as shown in Figure 
4-49. So far, four leads are connected to the star point. 
Figure 4-50 shows a complete diagram of a three-phase, 
four-pole, two-parallel star connection. Figure 4-51 shows 
a circular diagram of the same motor. 

How to Recognize a Connection. It was pointed out 
previously that determining the connections on a three- 
phase motor when stripping it is very important and in¬ 
volves a knowledge of connections. A simple method of 
taking connection data requires that the winder or repair¬ 
man visualize the schematic diagram of each type of motor. 

First, count the number of groups connected to each 
line lead. For example, in the series-star connection shown 
in Figure 4-52, one group is connected to each line lead. 
There are no other motor connections in which this occurs. 

If each line lead connects to two groups, it can be as¬ 
sumed that the connection is either series delta or two- 
parallel star. Both circuits are shown in Figure 4-53. To 
identify the two-parallel star connection, look for a star 
connection in which six groups are joined. If this cannot 
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be found, the connection must be series delta. Sometimes 
two separate star points of three groups each will be found. 

If each line lead connects to three groups, as shown in 
Figure 4-54, the motor can be only a three-parallel star 
type. No other type has such a connection. 

If each line lead connects to four groups, as shown in 
the two circuits of Figures 4-55A and 4-555 the motor 
may be either a two-parallel delta or a four-parallel star. 
Identification of the four-parallel star is then indicated 
by the connection of twelve groups at the star point. These 
examples show that if the schematic diagram is visual¬ 
ized, the type of connection can easily be determined. 

To determine the number of poles, several different meth¬ 
ods may be used. If the speed of the motor is known, the 
number of poles is easily found since the speed of a three- 
phase motor bears a definite relationship to the number 
of poles. This was explained at the end of Chapter 1. 
Thus, if the speed marked on the name plate is 1,725 r.p.m., 
it is a four-pole motor; if 1,150, it is a six-pole motor, and 
so on. 

Another method of determining the number of poles is 
to count the number of groups and divide by the number 
of phases. For instance, if twelve groups are found, divide 
12 by 3 phases, and the result is 4 poles. The groups are 
easily recognized because each group has two jumper leads. 

Another method is to count the number of jumpers. For 
instance, if it is found that a motor has a two-parallel star 
connection and there are six jumpers, this indicates that 
it is a four-pole motor, and it is connected as shown in 
Figure 4-56. In this illustration, the numbers indicate 
the jumpers. 

Connecting Three-phase Motors for Two Voltages . 
Some three-phase motors are so made that they can be 
connected for either of two voltages. The purpose in mak¬ 
ing motors for two voltages is to enable the same motor 
to be used in localities! that have different power-line 
voltages. 
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Usually the leads external to the motor may be con¬ 
nected to provide a series connection for the higher volt¬ 
age and a two-parallel connection for the lower voltage. 

Figure 4-57 shows four coils, which, if connected in series, 
may be used on a 440-volt, a-c power supply. Each coil 
receives 110 volts. If the four coils are connected two- 
parallel to a 220-volt line as shown in Figure 4-58, each coil 
still receives 110 volts. A third method of connection of 
the four coils is given in Figure 4-59. This is a four-parallel 
connection for 110-volt operation of the motor. Each coil 
still receives 110 volts. Thus, regardless of the line voltage, 
the coil voltage is the same. This is the principle used in 
all two-voltage machines. Therefore, if four leads are 
brought out of a single-phase motor designed for 440- and 
220-volt operation, it can be readily connected for either 
voltage. Figure 4-60 shows the series connection for 440 
volts, and Figure 4-61 gives the parallel circuit for 220 volts. 

This principle of voltage dividing between the coils is 
applied to a three-phase, four-pole, star-connected motor in 
Figure 4-62. This motor is a series-connected star for 440- 
volt use. If it is used on a 220-volt line, it is connected for 
two-parallel, as shown in Figure 4-63. An alternative con¬ 
nection using two star points is shown in Figure 4-64. Either 
diagram is correct. 

Connecting a Two-voltage Star Motor. Usually two- 
voltage, three-phase motors have nine leads brought out 
of the motor, as shown in Figure 4-65. To connect for the 
high voltage, connect groups in series, as in the illustration. 
Use the following procedures: Connect leads 6 and 9, and 
tape; connect leads 4 and 7, and tape; connect leads 5 and 
8, and tape; connect leads 1,2,3 to the three-phase line. 

To connect this same motor for the low voltage, the 
groups are connected two-parallel, as shown in Figure 4-66. 
Use the following procedure: Connect lead 7 to 1 and to line 
lead 1; connect lead 8 to 2 and to line lead 2; connect lead 
3 to 9 and to line lead 3; connect 4, and 6 together to 
form an external star. 
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Delta motors are also connected for two voltages, and 
Figure 4-67 shows a schematic diagram for both the high- 
and low-voltage connections. For high-voltage operation: 
Connect lead 4 to 7; connect lead 5 to 8; connect lead 6 to 
9; connect leads 1,2,3 to each phase of the line. 

For low-voltage operation: Connect leads 1, 7, and 6 to 
the line lead a; connect leads 2, 4, and 8 to line lead b; 
connect leads 3, 5, and 9 to line lead c. 

Figure 4-68 is a straight-line or rectangle diagram of a 
two-voltage, four-pole, star connected motor and is con¬ 
nected as explained for the motor shown in Figure 4-66. 
A straight-line diagram of a two-voltage, four-pole, delta- 
connected motor is shown in Figure 4-69 and is connected 
as explained for the motor shown in Figure 4-67. 

Short and Long Jumpers . All the connections that have 
been shown thus far have been made with short jumper 
connections in which the end of a group is connected to the 
end of the following group of the same phase; in other 
words, an end-to-end or beginning-to-beginning connection, 
as shown in Figure 4-70. Only one phase of a star-con¬ 
nected motor is illustrated. These are also known as top - 
to-top connections. 

Long jumper connections are those which connect the end 
of the first group to the beginning of the third group of the 
same phase, as shown in Figure 4-71. These are also called 
top-to-bottom connections. Long jumpers are used mainly 
on two-speed motors. 

Two-speed, Three-phase Motors 

It was pointed out previously that the speed of three- 
phase motors depends on the number of poles and frequency 
of the current. If the frequency remains the same, then to 
obtain a different speed from a three-phase motor, the num¬ 
ber of poles must be changed. This alteration can be ef¬ 
fected by changing the connection between groups. For 
example, if one phase of a four-pole motor is connected in 
the usual manner, as shown in Figure 4-72, four poles are 
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produced, causing rotation just under 1,800 r.p.m. If 
the same four poles are connected for like polarity, as in 
Figure 4-73, four additional poles will be produced, making 
eight magnetic poles in all and giving a speed just under 
900 r.p.m. The theory of this action was explained in 
Chapter 1, and this type of connection is called a conse¬ 
quent-pole connection. In all consequent-connected motors 
producing more than one speed, long jumper connections 
must be used. 

The two-speed, three-phase motor can be connected to 
have constant horsepower at both speeds, to have constant 
torque at both speeds, or to have variable torque at both 
speeds. For constant torque, the motor is usually con¬ 
nected two-parallel star for high speed and series-delta 
for low speed. Figure 4-74 shows the connection of 
the A phase for high-speed operation of a four- and 
eight-pole, three-phase-connected, constant-torque motor. 
In tracing out the circuit from L 4 , note that the current 
in adjacent groups of the A phase alternates, indicating 
a four-pole or higher speed motor, and also that the circuit 
is two-parallel. Figure 4-75 illustrates the same motor with 
the current entering L x . All groups now have like polarity, 
thereby forming four consequent poles and making a total 
of eight poles. This will give the motor low -speed opera¬ 
tion. L 4 is not used in the series-delta connection. 

For a constant-horsepower motor the connection is two- 
parallel star for low speed and series delta for high speed. 
Figure 4-76 shows the connection of the A phase of a four- 
and eight-pole, three-phase, constant-horsepower motor. 
For low speed, trace the current from L 4 and note that like 
polarity is formed in this two-parallel connection. For 
high speed, trace the circuits in Figure 4-77 from L x . This 
gives alternate polarity in each A group, producing in effect 
a four-pole motor. Note that this is a series connection. 
The entire connection of a four- and eight-pole, constant- 
torque motor is shown in Figure 4-78. Six leads are brought 
out of the motor. For high -speed operation, L 4 , L r> , and 
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L G are connected to the three-phase power supply L u L 2 , 
and L 3 are connected together and taped. For low- speed 
operation, L 1} L 2 , and L 3 are connected to the three-phase 
power supply, and L 4 , L 5 , and L 0 are taped individually and 
not used. 

Figure 4-79 shows a four- and eight-pole, constant horse¬ 
power motor. For low- speed operation L 4 , L 5 , and L G are 
connected to the power line, and L u L 2 , and L 3 are con¬ 
nected together and taped. For high- speed operations, L u 
Lo, and L 3 are connected to the power supply. L 4 , L 5 , and 
L g are taped separately and not connected. Of course two- 
speed motors can be operated with two separate windings 
having different number of poles. 

Odd Grouping. Odd grouping is the term used when the 
number of coils in each group varies. For example, in a 
48-coil, six-pole, three-phase motor, the number of coils in 
each group is found by the formula 

Coils ~ .. 

Poles X phases = Co.ls per group 

Thus, 

48 coils 48 

6 poles X 3 phases = 18 = 2 ^ colls per sroup 

Because of the fraction, it will be necessary to have some 
groups of three coils and some of two coils. A simple 
method of determining the number of coils in each group 
follows: 

1. Determine the total number of groups: 6 poles X 3 
phases = 18 groups. 

2. Determine the number of coils per group: 

48 coils _ 

18 groups /1S 

3. Using the fraction 1 ?ithe numerator 12 determines 
the number of groups with the greater number of coils, that 
is, 12 groups of 3 coils. 
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4. The remaining number of groups, 6, will have 2 coils. 


To check: 12 groups of 3 coils = 36 
6 groups of 2 coils = 12 

Total = 48 coils 


Example 1: A 54-slot, 4-pole, 3-phase machine must be 
grouped. How many coils per group will there be? 

1. Find the number of groups: 

4 poles X 3 phases = 12 groups 

2. Find the number of coils per group: 


54 coils 
12 groups 


= 4 %2 coils per group 


3. Therefore, using the numerator of the fraction, we 
have 6 groups of 5 coils and remaining 6 groups of 4 coils. 

4. 6 X 5 = 30 coils 
6 X 4 = 24 

54 coils 


After the number of coils per group is determined, the 
next step is to place the groups so that there is the same 
number of coils in each phase. In this problem, there will 
be 5 % or 18 coils in each phase. Proceed by drawing the 
groups as shown in Figure 4-80. Thus, four groups con¬ 
stitute the A phase. The A phase must also have 18 coils 
since there are 54 coils in the three phases. If a group of 
four coils is placed in the first A group, five coils in the 
second group, four coils in the third, and five coils in the 
fourth, then 18 coils will be used. The same method can 
be used in the B phase, except that we start with five coils. 
The C phase can be grouped exactly like the A phase. The 
grouping will be 4-5^4—5-4-5—4-5-4—5-4-5. 

Example 2: A 48-coil, 6 pole, 3-phase motor is to be 
grouped. 

1. Find the total number of groups: 

Poles X phases — 6 X 3 = 18 groups 
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2. Find the number of coils per group: 

Coils 48 n 12 / 

Gi^s = 18 “ 2 ' ,8 

3. Therefore, 12 groups have 3 coils, 6 groups have 2 
coils. 

The best way to lay out the groups is to put three coils 
in all the groups and then subtract one coil from each of 
six groups. Be sure to subtract an equal number from each 
phase. 

ABC ABC ABC ABC ABC ABC 

III 3 3 3 III 3 3 3 333 333 

_1 I I 1 II 

233 332 323 233 332 323 

In all odd number groups, be sure that there is an equal 
number of coils in each phase and that the groups are dis¬ 
tributed symmetrically. If the total number of coils in the 
motor cannot be divided equally by the phases, some coils 
may have to be eliminated. For instance, if a four-pole, 
three-phase motor has 32 slots, we must first determine the 
number of coils in each phase. In this problem, if each 
phase had ten coils, the total number of coils is 30. There¬ 
fore two coils must be left out of the circuit. The two coils 
are left in the motor, but their leads are taped up and not 
connected. The coils are left out of the circuit on opposite 
sides of the stator, as indicated in Figure 4-81. 

After the two coils are eliminated we proceed as before. 

1. Compute the number of groups: 

4 poles X 3 phases =12 groups 

2. Compute the number of coils per group: 

3 %2 - 2 % 2 

3. Therefore, there will be 6 groups of 3 coils, and 6 
groups of 2 coils. 
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Layout Groups 


ABC ABC 
2 3 

ABC ABC 
3 2 

ABC ABC 
2 3 


ABC 

2 

ABC 

3 

ABC 

2 


ABC 

3 

ABC 

2 

ABC 

3 

Total 


= 10 coils 

— 10 coils 

= 10 coils 

— 30 coils 


Therefore we have 2-3-2—3-2-3—2-3-2—3-2-3. 

Caution: In odd-grouped, parallel-connected, polyphase 
motors, such as two-circuit star or delta, it is essential that 
each circuit have the same number of coils. Mistakes of 
this kind can easily be made on this type of motor. Check 
all circuits and make certain that each contains the same 
number of coils. 


TWO-PHASE MOTORS 

Two-phase motors are like three-phase motors in all re¬ 
spects except for the number of groups and the connections 
of the groups. As in the three-phase motor, the number of 
groups is equal to the number of phases multiplied by the 
number of poles. 

In a 48-coil, four-pole, two-phase motor, there are 
2 phases X 4 poles — 8 

groups. The number of coils per group is equal to 
No. of coils 48 
No. of groups — 8 

The coils of the two-phase motor are connected to pro¬ 
duce two windings instead of three. These windings are 
phase A and phase B. The arrangement of groups is shown 
in Figure 4-82. In all diagrams of two-phase motors, two 
adjacent arrows are clockwise, the next two, counterclock¬ 
wise, and so on. 

Group connections in two-phase motors are shown in 
Figure 4-83. They are exactly like the connections of split- 
phase motors. 
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The phase A connection is similar to that of the running 
winding, and the phase B connection is similar to the start¬ 
ing-winding connection. However, there is no centrifugal 
switch in a two-phase motor, and both windings have volt¬ 
age applied to them all the time. 

Two-phase motors have windings connected in series, as 
shown in Figure 4-83, or in parallel, depending on the de¬ 
sign of the motor. Figure 4-84 is a schematic diagram of a 
four-pole, two-phase series connection and Figure 4-85 
shows a four-pole, two-phase, two-parallel connection. Cir¬ 
cular diagrams of the two types are shown in Figures 4-86 
and 4-87. 

Reconnecting Two-phase Motors for Three-phase Operation 

Very often two-phase motors are converted to three- 
phase because more economical operation is provided. 

We will assume that a 48-coil, four-pole, two-phase series 
motor is to be converted into a three-phase motor. This 
can be done by means of a T, or Scott, connection, by ac¬ 
tual three-phase connection, or by rewinding. 

T Connection. A T, or Scott, connection is one in which 
the end of the A phase is connected to the center of the B 
phase. Figure 4-88 is a schematic diagram of a two-phase 
motor converted to a three-phase motor by the T con¬ 
nection. 

The usual procedure when making a Scott connection is 
to disconnect about 16 per cent of the coils in the A phase 
before connecting the remainder to the B phase. The coils 
that are left out of the A phase are distributed equally 
among the groups in the A phase. 

The Scott method of reconverting is recommended only 
as a temporary measure and should never be considered a 
permanent repair. An example of the procedure followed 
is given for converting a two-phase, 48-coil series motor to 
a three-phase motor. Figure 4-89 shows the two-phase 
motor before reconnecting. 

The procedure is to disconnect approximately 16 per cent 
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of the A phase. The entire motor has 48 coils, and therefore 
the A phase has 24 coils; 16 per cent of 24 is 3.8 coils, or 4 
coils. Thus, one coil from each A phase group is discon¬ 
nected and left out of the circuit. The new circuit is given 
in Figure 4-90. This is practical only if the coils are not 
gang wound. 

Three-phase Connection. The method whereby the two- 
phase motor is converted to a three-phase star connection is 
recommended. In this method, the first step is to remove 
all jumpers to form the circuit of Figure 4-91. The next 
step is to compute the number of coils to disconnect, that 
is, between 15 and 20 per cent of all the coils in the motor. 
This figure may have to be changed, so that less than 15 
per cent is used, depending on the requirements of the 
motor. In this problem it is 0.15 X 48 or 7.2 coils. Since 
7.2 is an odd number, and since it is necessary to deduct the 
same number of coils from each phase, the nearest number 
to 7.2 that is divisible by 3 must be chosen. In this case, 
it is 6. Nine coils, which is approximately 20 per cent, 
could also be disconnected from this motor with equally 
good results. If 6 coils are disconnected, it leaves 42 coils, 
or 14 for each phase in the new three-phase connection. 
There will be 12 groups of 4 % 2 —3 %2 coils per group or 6 
groups of 4 coils and 6 groups of 3 coils. We can now pro¬ 
ceed to make the new connection, disconnecting two coils 
from each phase. 

With these figures we can lay out the grouping, as shown 
in Figure 4-92, for a series-star connection. 

Rewinding. The third method of changing a two-phase 
motor to three-phase is to rewind the coils, using 20 per 
cent fewer turns in each coil and using one size larger wire. 
For example, if a two-phase motor is wound with 30 turns 
of No. 21 A.W.G. magnet wire in each coil, make new coils 
with 24 turns of No. 20 wire. This is computed in the fol¬ 
lowing manner. Deduct 20 per cent of 30 turns, which 
equals 6. Therefore 6 from 30 leaves 24 turns. One size 
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larger than No. 21 is No. 20. Therefore 24 turns of No. 20 
wire are used. 

REWINDING AND RECONNECTING POLYPHASE MOTORS 
Reconnecting for a Change in Voltage 

Motors are often brought into shops to be changed to 
operate on a voltage other than that on the name plate. 
For example, it may be a 220-volt polyphase motor to be 
changed to operate on 440 volts. 

There are several methods, depending on the original con¬ 
nection. If the motor originally had a series connection, it 
can be converted to a two-parallel connection for half-volt¬ 
age operation. If the motor was originally a two-parallel- 
connected motor, it can be changed to operate on twice the 
voltage by connecting the windings in series. 

Thus a six-pole, three-phase, series-star, 440-volt motor 
can be converted to operate on 220 volts by reconnecting it 
as a six-pole, two-parallel star. If it is a six-pole, three- 
phase, two-parallel star type operating on 220 volts, it can 
be changed to series star for 440 volts. 

The principle involved in all reconnections is that the 
coil voltage remains the same in spite of the line-voltage 
change. This was explained when discussing two-voltage 
motors. Delta-connected motors can also be reconnected 
from series to parallel for the lower voltage, and from 
parallel to series for the higher voltage. 

Three-phase motors can be reconnected for voltage 
changes by converting from star to delta or vice versa. 
Many variations are possible: for example, from series delta 
to two-parallel star; from parallel delta to series star; and 
so on. 

After some of these changes, the voltage required by the 
motor may not be a multiple or simple fraction of the 
original. Thus a star-connected motor changed to delta 
should operate on 58 per cent of the original voltage. A 
delta motor changed to a star connection should operate on 
173 per cent of the original voltage. In this book no at- 
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tempt will be made to cover these reconnections in great 
detail since many excellent books treat the subject thor¬ 
oughly. 

Example: What voltage should be used on a motor if it 
is changed from two-parallel delta, 220 volts, to series star? 

Solution: If changed to series delta, the motor would 
require 440 volts; a change to series star would require 
440 X 1.73 — 760 volts. 

Voltage changes by means of reconnections are not always 
possible. For example, a four-pole, 220-volt, series star 
cannot be changed for higher voltage operation, because if 
a higher voltage is impressed on the series connection, more 
current will flow through the coils than they were designed 
for and they will therefore burn out. Likewise, four-pole, 
four-parallel star cannot be reconnected for a lower voltage 
because there can be no more than four parallels in a four- 
pole motor. 

Rewinding for a Change in Voltage 

Three-phase motors can also be rewound for a change in 
voltage. The only changes necessary are in the number of 
turns and the size of the wire. 

Example: If a 220-volt motor is to be rewound to oper¬ 
ate on 440 volts, use twice as many turns on each coil and 
one-half the circular-mil area of wire. In other words, if 
forty turns of No. 17 wire were used on the original motor, 
eighty turns of No. 20 should be used on the new motor. 

Reconnecting the Polyphase Motor for Change in Speed 

It has been mentioned that the speed of a three-phase 
motor decreases if the number of poles is increased and vice 
versa. (A change in speed is also caused by a change in 
line frequency.) Most methods of changing speed involve 
rewinding the coils and altering the coil pitch. However, 
one method of obtaining a different speed is to change the 
number of poles by reconnecting. If the applied voltage 
remains the same when changing from a low speed to a 
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higher speed, the number of turns per phase must be de¬ 
creased. From a high speed to a lower speed, the number 
is increased. 

Example: It is desired to reconnect a six-pole, 220-volt, 
two-circuit delta to a four-pole, 220-volt motor. What con¬ 
nection should be used? 

Use the following procedure: 

1. Regroup the coils for 3 phases X 4 poles = 12 groups. 

2. If reconnected as the original, that is, two-circuit delta, 

the motor should operate on -1— ^ = 150 per cent of orig- 

1,200 

inal voltage, which is 330 volts. 

3. To operate this motor on 220 volts, change from two- 
circuit delta to four-circuit star since the four-circuit star 
requires 330 X 86.6 = 286 volts. This will prove satisfac¬ 
tory since the pitch of the coils has not been changed. 

Rewinding jor a Change in Speed. To work out the pre¬ 
vious problem by rewinding, proceed as follows: 

1. Change the coil pitch to 1 and —1. 

48 

Thus for a 48-slot motor the pitch is 1 and =-1 = 1 

and 11. 

2. Rewind each coil, using new turns equal to 


Original speed 


X original turns 


1,200 

1,800 


= 66 per cent of 


New speed 
original turns. 

3. Use a size of wire equal in circular mils to 

New speed ..... 1,800 „ 

Original speed * c.m. of ongmal wire = 1^= 1.5X c.m. 

of the original wire. 

4. Use original method of connection. 


Changes for New Frequency 

Polyphase motors can be changed to operate on new fre¬ 
quencies by reconnecting or rewinding. Usually the latter 
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is required. Sometimes it is possible to operate a motor on 
a different frequency and a different line voltage. For 
example, a 25- or 30-cycle, 110-volt motor can operate on 
60 cycles at 220 volts. This approximately doubles the 
original speed. 

If a change in frequency is desired without an appre¬ 
ciable change in speed, it will be necessary to rewind the 
motor. 

Example: It is desired to change a four-pole, 25-cycle 
motor to operate on 60 cycles at approximately the same 
speed. 

1. 4 pole, 25 cycle = 750 r.p.m. 

8 pole, 60 cycle — 900 r.p.m. 

2. Change the pitch of coil for an 8-pole motor. 

750 

3. The number of turns in each coil is qqq = 83 per 

cent of the number of original turns. Therefore each coil 
should be wound with approximately 83 per cent of the 
original turns. 

4. Use the next larger size of wire. 

5. If the motor had 48 slots and 50 turns of No. 18 wire, 
it should be rewound with 42 turns of No. 17 wire and a 
pitch of 1 and 6. 

Reversing Two- and Three-phase Motors 

Figure 4-93 shows the three leads of a three-phase motor 
connected to a three-phase power line for clockwise rota¬ 
tion. To reverse any three-phase motor, it is necessary only 
to interchange any two of the motor leads, as shown in 
Figure 4-94. Reversal can also be accomplished by inter¬ 
changing two of the power leads. 

Two-phase motors are reversed by interchanging the 
leads of one phase to the power line. Figure 4-95 shows the 
connection for clockwise rotation and Figure 4-96 shows 
the connection for counterclockwise rotation. To reverse 
a two-phase, three-wire motor, it is necessary to interchange 
the outer two wires marked 1 and 2 in Figure 4-97. 
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TROUBLESHOOTING AND REPAIR 

Testing 

The three-phase motor should be given tests for the fol¬ 
lowing defects after a repair or winding job: grounds, opens, 
shorts, and reverses. 

Grounds . Use the test leads as shown in Figure 4-98. 
Connect one test lead to the frame of the motor and one 
test lead to one of the leads of the motor. If the lamp 
lights, a winding is grounded. To ensure a thorough test, 
move the test lead to each lead of the motor. 

If the motor is grounded it will be necessary to locate and 
remove the ground before making other tests. Just as in 
other motors, first try to locate the ground by inspection. 
If it cannot be found in this manner, determine its location 
by disconnecting each phase and test separately. 

In a star-connected motor, disconnect at the star point 
and test each phase separately as indicated in Figure 4-99. 

In a delta-connected motor, disconnect the phases at the 
leads and test each phase separately as shown in Figure 
4-100. 

After the grounded phase has been located, it will be 
necessary to locate the coil that is grounded. The proce¬ 
dure follows: Disconnect the jumpers between groups of the 
grounded phase and test each group separately for a ground 
as shown in Figure 4-101. After the group is located, the 
defective coil can easily be located by opening the coil 
splices as indicated in Figure 4-102 and testing each coil for 
a ground. After the grounded coil is found, it will be neces¬ 
sary to reinsulate the slot or place a new coil in the stator. 
Sometimes one lamination is pushed out of place so that its 
sharp edges cut into the wire. This can usually be remedied 
by pressing the lamination back into its proper position. 
Frequently the fault will be found to be the insulation in 
the slot. Too, the wire may be placed by mistake between 
the insulation and the slot, or the insulation may have 
shifted and left the slot core uncovered. 
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Open Circuits. Open circuits in a two- or three-phase 
motor may be due to a break in the coil or a loose connec¬ 
tion at the splices or jumpers. To locate the open, proceed 
as follows: 

Use the test lamp and determine which phase is open. 
If the motor is star-connected, place one test lead at the 
star point and the other test lead on each of the other three 
phase leads in succession, as shown in Figure 4-103. The 
lamp should light on all three wires. If the lamp does not 
light when touched to one wire, that phase is open. If the 
motor is delta-connected, disconnect the phases and test 
each phase separately as indicated in Figure 4-104. The 
lamp will not light when the open phase is tested. 

Once the open phase is known, it is a simple matter to 
determine the location of the open. Assuming it is in the 
A phase, place one test lead at the beginning lead of the A 
phase, and with the other test lead touch the end of each 
group in succession, as shown in Figure 4-105. If the lamp 
lights at the end of the first group and not at the end of the 
second, the second group is defective. Continue in this 
manner until the faulty group is found. It is possible that 
the fault may be at a jumper connection, in which case the 
wires should be reconnected and soldered. When the open 
group is found, the defective coil can be located by open¬ 
ing the splices at the coil ends and testing each coil sepa¬ 
rately. This is illustrated in Figure 4-106. If the trouble 
is due to a loose connection of the stub or jumper, resolder 
and tape the connection. If the trouble is due to a broken 
wire in the coil, replace the coil or cut it out of the circuit. 
If the motor is connected two-parallel star, it will be neces¬ 
sary to determine in which circuit the open is located. This 
is done by connecting one test lead to the star point as in 
Figure 4-107 and the other test lead to both sections of each 
phase in succession. The procedure from here on is the 
same as in the single-circuit star. If the motor is connected 
two-circuit delta, all windings connected in parallel will 
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have to be disconnected in order to determine the open 
section. 

Shorts. Poor workmanship in placing coils in slots is re¬ 
sponsible for shorts due to failure of the wire insulation. 
Shorted coils in polyphase motors are located in the same 
manner as in split-phase motors. The usual method is to 
use an internal growler as shown in Figure 4-108 and lo¬ 
cate the coil or group that is shorted by noting the vibra¬ 
tions of a hack-saw blade. It must be remembered that the 
growler is not effective on parallel-connected motors. All 
parallels must be disconnected in order to test the winding 
with the growler. If the growler is held in position for a 
few minutes, the defective coil or coils will become hot. 

Another method of determining a shorted coil or group 
is to operate the motor for a few minutes. The defective 
coil will become much hotter than the others and can be 
located easily by touch. 

Still another method of determining whether a polyphase 
motor is shorted is to connect the motor to a three-phase 
line and then measure the current in each phase by means 
of an ammeter (preferably the clip-on type). The current 
should be the same in each phase. This is called a balance 
test. A higher reading in one phase usually indicates a 
shorted phase. This test is usually made while the motor 
is running. 

Reverses. Reverses occur when a coil, group, or phase is 
improperly connected. In all cases this is due to oversight 
or lack of knowledge on the part of the winder. Reverses 
in polyphase motors may occur in (1) coils, (2) groups, 
and (3) phases. 

Reversed Coils: In all polyphase motors, the coils of a 
group are connected so that the current flows through each 
coil in the same direction. It is possible that the winder 
may have connected these coils incorrectly so that the cur¬ 
rent through each coil is not flowing in the same direction. 
This condition could not exist in a gang-wound motor unless 
the coils are placed in the slots in the wrong direction. 
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Visual inspection is the best method of detecting a re¬ 
versed coil; however, this is not always possible. An ac¬ 
curate check is to pass low-voltage direct current from a 
battery through each phase and place a compass against the 
core. The compass needle should reverse at each group of 
one phase, and indicate N at one group, S at the next group, 
etc. If at any group the compass needle is indefinite, there 
may be a reversed coil in that group. The reversed coil 
builds up a magnetic field which opposes that set up by the 
other coils, and this causes a very weak field, which has 
little effect on the compass needle. 

Reversed Coil Groups: To test for reversed groups, con¬ 
nect one lead of a low-voltage d-c line to the star point and 
the other lead to each phase in order. Move a compass in¬ 
side the stator to indicate the polarity of each group. If 
the compass needle reverses at each group as shown in Fig¬ 
ure 4-109, the correct polarity is indicated. To test a delta- 
connected motor for reversed groups, open one delta point 
and connect a source of low-voltage direct current to the 
two wires. If the compass needle reverses at each group, 
the polarity is correct. 

Reversed Phases: A common error in connecting a 
three-phase motor is to connect the middle phase in the 
wrong manner. This mistake is easily found with the com¬ 
pass. Connect the phases to the low-voltage direct current 
as in testing groups—and test with the compass from group 
to group for reversal of the needle. If the needle indicates 
three north poles and three south poles, as shown in Figure 
4-110. it is an indication of a wrongly connected middle 
phase. Reverse the B, or middle, phase to obtain the cor¬ 
rect connection. 

After the motor is tested, bake it in an oven for about 
two or three hours at a temperature of approximately 250° 
Fahrenheit. Dip it in a good grade of varnish for about 
five minutes and then allow it to drip. Place it in the oven 
again and bake at the same temperature for three hours. 
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Common Troubles and Repairs 

The symptoms encountered in defective two and three- 
phase motors are given below. Under each symptom are 
listed the possible troubles. The number in parentheses 
after each trouble indicates the correspondingly numbered 
remedy to be found in the following pages. 

1. If a polyphase motor fails to start, the trouble may be 

a. Burned-out fuse (1) 

b. Worn bearings (2) 

c. Overload (3) 

d. Open phase (4) 

e . Shorted coil or group (5) 

/. Loose rotor bars (6) 

g . Wrong internal connections (7) 

h. Frozen bearing (8) 

i. Defective controller (9) 

Grounded winding (10) 

2. If a polyphase motor does not run properly, the trou¬ 
ble may be 

а . Burned-out fuse (1) 

б. Worn bearings (2) 

c. Shorted coil (5) 

d. Reversed phase (11) 

e. Open phase (4) 

/. Open parallel connection (12) 

g. Grounded winding (10) 

h. Loose rotor bars (6) 

i . Incorrect voltage or frequency 

3. If the motor runs slowly, trouble may be 

a. Shorted coil or group (5) 

b. Reversed coils or groups (7) 

c. Worn bearings (2) 

d. Overload (3) 

e . Wrong connection (reversed phase) (11) 

/. Loose rotor bars (6) 
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4. If the motor becomes excessively hot, the trouble 
may be 

a. Overload (3) 

b. Worn bearings (2) 
or tight bearing (8) 

c. Shorted coil or group (5) 

d. Motor running on single phase (4) 

e. Loose rotor bars (6) 

1. Burned-out Fuse. Remove fuses and test with test 
lamp as shown in Figure 4-111. If the lamp lights, the 
fuse is good. A burned-out fuse is indicated when' the test 
lamp does not light. 

To test the fuses without removing them from their hold¬ 
ers, place a test-lamp circuit across the fuse while the 
switch is closed, as shown in Figure 4-112. The fuse that 
causes the lamp to light is the one that is burned out. 

If the fuse burns out while a polyphase motor is in opera¬ 
tion, the motor will continue to operate as a single-phase 
motor (Figures 4-113 and 4-114). This means that only 
part of the winding is carrying the entire load. If the motor 
continues to operate in this manner, even for a short time, 
the winding will become very hot and burn out. Further, 
the motor will be noisy in operation and may not pull the 
load. To find the trouble, stop the motor and try to start 
it again. A polyphase motor will not start with a burned- 
out fuse. To remedy this condition, locate and replace the 
defective fuse. 

If the motor is a parallel-connected star, current will be 
induced in the open phase and cause the winding to burn 
out quickly. This should be prevented if possible. 

2. Worn Bearings. If a bearing is worn, the rotor will 
ride on the stator and cause noisy operation. When the 
bearings are so worn that the rotor rests firmly on the core 
of the stator, rotation is impossible. To check a small mo¬ 
tor for this condition, try moving the shaft up and down as 
shown in Figure 4-115. Motion in this manner indicates 
a worn bearing. Remove and inspect the rotor for smooth, 
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worn spots. These indicate that the rotor has been rubbing 
on the stator. The only remedy is to replace the bearings. 

On a larger motor, the check for worn bearings is made 
with a feeler gauge. This type of gauge is shown in Figure 
4-116. The air space between the rotor and the stator must 
be the same at all points. (Figure 4-117). If it is not, the 
bearing must be replaced. 

3. Overload . To determine whether a 3-phase motor is 
overloaded, remove the belt from the motor and turn the 
shaft of the load by hand (Figure 4-118). Usually a broken 
part or dirty mechanism will prevent the shaft from mov¬ 
ing freely. 

Another method is to connect an ammeter in series with 
each line wire. A higher current reading than on the name 
plate may indicate an overload. 

4. Open Phase. If an open occurs while the motor is 
running, it will continue to run but will have less power. 
An open circuit may occur in a coil or group connection 
and prevent the motor from starting. This may also be due 
to a broken wire or a loose connection. 

If the open is located within a coil, a new coil may be 
necessary. However, should it be impossible to supply a 
new coil, the old coil is cut out in the following manner: 

Locate the open coil. Connect together the beginning 
and the end of the open coil as shown in Figures 4-119 and 
4-120. This is a temporary measure and should only be 
used when rewinding is impractical. It cannot be employed 
when the coils are gang-wound. 

The motor will continue to run if a phase opens while the 
motor is in operation, but will not start if at standstill. 
Conditions are similar to those of a blown fuse. 

5. Shorted Coil or Group. Shorted coils will cause noisy 
operation and also smoke. After locating such defective 
coils by means of the eye or balance test, replace them with 
new coils or cut them out of the circuit. 

When the insulating enamel on the wire fails, the in¬ 
dividual turns become shorted and cause the coil to become 
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extremely hot and burn out. Other coils may then burn 
out, with the result that an entire group or phase will be¬ 
come defective. A shorted coil is cut out of the circuit dif¬ 
ferently from an open coil. 

Locate the shorted coil visually or by means of the 
growler. A shorted coil looks and smells burned. Cut the 
entire coil at one point at the back and twist the turns on 
both sides, as shown in Figures 4-121 and 4-122. Be cer¬ 
tain that the turns are free of insulation before the wires 
are twisted together. This method applies also to gang- 
wound coils. In an entire group is burned out, the motor 
should be rewound. 

6. Loose Rotor Bars. These will produce noisy operation 
and will keep the motor from carrying the load. Sparks 
may be seen between the bars and end rings while the motor 
is turning. 

On squirrel-cage rotors, the copper bars are all connected 
to end rings on both sides of the rotor. If one or more of 
these bars become loose (Figure 4-123) and do not contact 
the end rings, improper operation of the motor may result. 
In many instances the motor will not rotate. 

Loose rotor bars may be found by placing the rotor on a 
growler. Vibration of a hack-saw blade should be felt at 
every bar; otherwise an open bar is indicated. Open rotor 
bars can also be observed by eye. 

The remedy for this condition is resoldering or welding. 

7. Wrong Internal Connections. A good method of de¬ 
termining whether or not a polyphase motor is connected 
properly is to remove the rotor and place a large ball bear¬ 
ing in the stator. The switch is then closed to supply cur¬ 
rent to the winding. If the internal connections are correct, 
the ball bearing will rotate around the core of the stator, as 
shown in Figure 4-124. If the connections are incorrect, 
the ball bearing will remain stationary. 

For medium- and large-sized motors, reduced voltage 
should be used; otherwise, a fuse may blow. 

8. Frozen Bearing. If oil is not supplied to that part of 
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the shaft which rotates in the bearing, the shaft will be¬ 
come so hot that it will expand sufficiently to prevent 
movement in the bearing. This is called a frozen bearing. 
In the process of expansion, the bearing may weld itself to 
the shaft and make rotation impossible. 

To repair, try to remove the end plates. The end plate 
that cannot be removed easily contains the bad bearing. 
Remove the end plate and armature as a unit; hold the 
armature in a stationary position; and turn the end* plate 
back and forth. If it is impossible to move the end plate, 
loosen the set screw which holds the bearing in the housing 
and try to remove the armature and bearing as a unit. Be 
careful to keep the oil ring free from the bearing while this 
is being done. The bearing can then be removed by tapping 
it with a hammer. The shaft will probably have to be 
turned down on a lathe to a new size and a new bearing 
made. If ball bearings are used, replace with new ones. 

9. Defective Controller . If the contacts on the controller 
do not make good contact, the motor will fail to start. To 
locate trouble and repair this unit see Chapter 5. 

10. Grounded Winding . This will produce a shock when 
the motor is touched. If the winding is grounded in more 
than one place, a short circuit will occur which will burn 
out the winding and perhaps blow a fuse. Test for a 
grounded winding with test lamp and repair by rewinding 
or by replacing the defective coil. 

11. Reversed Phase, This will cause a motor to run more 
slowly than rated speed and produce an electrical hum in¬ 
dicative of wrong connections. Check the connections and 
reconnect them according to plan. 

12. Open Parallel Connection . This fault will produce 
a noisy hum and will prevent the motor from pulling full 
load. Check for complete parallel circuits. 
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Alternating-current Motor Control 


If an a-c motor is started on full line voltage, it will draw 
from two to six times its normal running current. Because 
the motor is constructed to withstand the shock of start¬ 
ing, no harm will be caused by this excessive flow of current. 
However, on very large motors, it is generally desirable to 
take some measure to reduce the starting current; other¬ 
wise, damage may be done to the machinery driven by the 
motor, and line disturbances may be created that affect the 
operation of other motors on the same line. 

For the small motor, or where the load can stand the 
shock of starting and no objectionable line disturbances are 
created, a hand-operated or an automatic starting switch 
can be used for control of the motor. This type of switch 
connects the motor directly across the line and is called an 
“across-the-line starter 

In the case of the large motor, where the starting torque 
must develop gradually, or where the high initial current 
will affect the line voltage, it is necessary to insert in the 
line some device which will reduce the starting current. 
This device may be a resistance unit or an autotransformer. 
Controllers which use this method of starting a motor are 
called reduced-voltage starters. Controllers are also used 
to protect the motor from overheating and overloading, to 
provide speed control, to provide for reversing the motor, 
and to provide undervoltage protection. 

The following popular types of controllers will be de¬ 
scribed: pushbutton switch starter for small motors, manual 
starter for repulsion motors, magnetic across-the-line 
starter, reduced-voltage resistance starter, compensator 
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starters, star-delta starter, drum starter, two-speed con¬ 
troller, plugging and braking controller. 

STARTERS 

Pushbutton Switch Starter for Fractional-horsepower Motors 

This is a simple type of switch which connects the motor 
directly to the line. Two pushbuttons are located on the 
switch, one for starting and the other for stopping the mo¬ 
tor. Pressing the START button causes the contacts in¬ 
side the switch to make and connect the motor across the 
line. Pressing the STOP button causes the contacts to 
break apart and open the circuit to the motor. This type 
is shown in Figure 5-1. 

The usual type of pushbutton switch starter is equipped 
with a thermal overload device connected in series with the 
line. It opens the circuit to the motor if an overload cur¬ 
rent persists for a short period of time. Figure 5-2 shows 
one type of overload device that consists of a small cylinder 
containing an alloy that will melt when an overload per¬ 
sists. Imbedded in the metal is a small shaft to which is 
attached a ratchet wheel. When the START button is 
pressed, the shaft is held in place by a spring which engages 
the ratchet wheel. If an excessive current passes through 
the overload device, the alloy in the cylinder will melt and 
cause the START button to spring to its OFF position and 
disconnect the motor from the line. To restart the motor, 
it is necessary to wait several seconds until the metal 
hardens. 

Another switch used on fractional-horsepower motors is 
of the ordinary snap-action type. This switch contains a 
thermal relay to provide overload protection. A coil of re¬ 
sistance wire is connected in series with one motor lead so 
that it heats when excessive current flows. A solder film 
that will melt from heat is located inside the coil. When 
the solder film melts, a trigger is tripped, releasing the main 
contacts of the switch. 

Most of these starters can be used for single, two- or 
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three-phase motors. Figure 5-1 shows a diagram of a push¬ 
button starter connected to a single-phase motor, and Fig¬ 
ure 5-3 shows such a starter connected to a three-phase 
motor. In either case, when the START button is pressed 
it closes the contacts of L, and L 2 and connects the motor 
across the line. If an overload occurs, the thermal relay 
will trip the releasing mechanism and cause the contacts to 
open, thereby stopping the motor. To reset the tripping 
mechanism, it is usually necessary to press the STOP but¬ 
ton. If the motor is running normally and it is necessary to 
stop it, the contacts are released by pressing the STOP 
button. 


Manual Starter for Repulsion Motors 

A manual reduced-voltage starter for a repulsion-induc¬ 
tion motor is shown in Figure 5-4. The reduced voltage is 
obtained by connecting a resistance in series with the motor 
and then gradually reducing the amount of resistance in the 
circuit by moving a handle on the controller panel. This 
starter has three terminals marked L x , L,, and T t on the 
face plate. 

A coil on the panel is connected across the line as soon as 
the handle is moved upward. When the handle is brought 
to the first contact point, current flows from L x through the 
handle to the first contact point, through all the resistance, 
and through the motor to reach L . There is also a path of 
current through the coil. As the motor accelerates, the 
handle is lifted slowly to prevent excessive current. When 
the handle reaches the last contact, the motor is connected 
across the line and the coil holds the handle at this position. 
If for any reason the voltage in the holding coil should 
drop, the handle would immediately be released and the 
motor would stop. 

Magnetic Across-the-line Starter 

A starter which connects a motor directly across the line 
is called an across-the-line starter. If this starter is oper- 
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ated magnetically, it is called a magnetic across-the-line 
starter. A magnetic starter designed to operate a three- 
phase motor is shown in Figure 5-5. This starter has three 
normally open main contacts which when closed connect 
the motor directly to the line. It also has a magnetic hold¬ 
ing coil, which closes the main contacts upon being ener¬ 
gized, and also closes a normally open auxiliary or main¬ 
taining contact to maintain the current in the holding coil. 
The main and auxiliary contacts are generally joined by an 
insulating connecting bar so that all contacts will close 
when the holding coil becomes energized. It is obvious that 
any size of magnetic switch can be operated just by sending 
a small current through the coil. 

The holding coil on an a-c magnetic starter is excited by 
a pulsating current, and therefore its pull is not continuous, 
but rather alternates according to the frequency of the 
current. This tends to cause chattering, and to overcome 
this condition, the core of the magnet is equipped with a 
shading coil which produces an out-of-phase flux. The 
shading coil is a small, single-turn copper coil which is em¬ 
bedded around a portion of the core tip. The current in¬ 
duced in this coil is sufficient for the magnet to retain the 
contactor during the reversal of current. A complete mag¬ 
netic starter is pictured in Figure 5-6. 

An advantage of a magnetic starter over a manual starter 
is that it may be operated merely by pressing a pushbutton 
which may be located some distance from both the starter 
and the motor. This lends to convenience and safety in 
starting and stopping a motor, especially if it is of high 
voltage or if it must be controlled from one or more remote 
points. 

Overload Relays. Nearly all magnetic starters are 
equipped with an overload device to protect the motor from 
excessive current. Two types of overload relays are used 
on magnetic starters and these are either magnetic or 
thermal in operation. 

A thermal relay is illustrated in Figure 5-7. This relay 
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consists essentially of a small heater coil which is connected 
in series with the line and which generates heat by virtue 
of the current flowing through it; the amount depending on 
the current flow in the line. Mounted adjacent to, or di¬ 
rectly inside, the coil is a strip formed of two metals. This 
is fixed at one end, the other end being free to move. The 
two metals have different degrees of expansion, and the strip 
will bend when heated. The free end normally keeps two 
contacts of the control circuit closed. When an overload 
occurs, the coil heats the thermostatic bimetal so that it 
will bend and separate the two contacts, thereby opening 
the holding-coil circuit and stopping the motor. 

Pushbutton Stations 

Magnetic starters are controlled by means of pushbutton 
stations. The most common station has a START and 
STOP button, as shown in Figure 5-8. When the start but¬ 
ton is pressed, two normally open contacts are closed; and 
when the stop button is pressed, two normally closed con¬ 
tacts are opened. Spring action returns the buttons to their 
original position when finger pressure is removed. To oper¬ 
ate a magnetic switch by a START-STOP station, it is 
necessary to connect the holding coil to the station con¬ 
tacts so that when the START button is pressed, the coil 
will become energized; and when the STOP button is 
pressed the holding coil circuit is opened. 

A diagram of a typical across-the-line magnetic starter 
equipped with two thermal overload relays and connected 
to a START-STOP pushbutton station is presented in 
Figure 5-5 and in simplified form in Figure 5-9. In the 
diagrams to follow, the motor circuits are indicated by 
heavy lines, and the control circuits are shown by light 
lines. The operation of this starter is as follows: 

When the START button of Figure 5-5 is pressed, it 
completes the circuit from Lx to the normally closed con¬ 
tacts of the overload relays and through the holding coil to 
L 3 . Thus, the coil is energized and it closes contacts A, B, 
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and C and connects the motor across the line. A maintain¬ 
ing circuit is completed at point 2 to keep the holding coil 
energized after the finger is removed from the START but¬ 
ton. Pressing the STOP button opens the coil circuit and 
causes all contacts to open. If a prolonged overload should 
occur during the operation of the motor, the overload relay 
contacts will open and de-energize the holding coil. If an 
overload condition has caused the relay to trip, it will be 
necessary to reset the relay contact by hand before the 
motor can be restarted. 

Figure 5-10 shows the START-STOP station connected 
differently. Figure 5-11 is a line diagram of the starter. 
Coil M is used to close main contacts M . OL is the nor¬ 
mally closed overload relay contact. 

Magnetic across-the-line starters are made by all con¬ 
troller manufacturers. A typical controller, made by the 
Allen-Bradley Co., is shown in Figure 5-12. 

Pushbutton-station Connections. A number of control 
circuits will be illustrated involving various combinations of 
pushbutton stations. All of these diagrams employ one 
type of magnetic switch but others can be used. Figure 
5-13 illustrates a magnetic switch which is operated from 
either of two stations. The pushbuttons are shown in two 
positions. Figure 5-14 shows a straight-line diagram of the 
control circuit of two START-STOP stations. Figure 5-15 
gives the control circuit of three START-STOP stations. 
In these diagrams, the START buttons are connected in 
parallel and the STOP buttons are connected in series. 
This must be done, regardless of the number of stations. 
Note that the maintaining contact is always connected 
across the START button. All STOP buttons are connected 
in series with each other and in series with the holding coil, 
so that the motor can be stopped from any position in case 
of emergency. 

Jogging . Magnetic switches can be “jogged” or “inched.” 
By this method the motor is made to run only while the 



ALTERNATING-CURRENT MOTOR CONTROL 


135 


finger is pressing the JOG button. As soon as pressure is 
removed, the motor stops. 

The JOG button is an additional button placed on the 
START-STOP station and has four contacts, two of which 
are normally closed and two normally open. The manner 
in which this type of station is connected to a magnetic 
switch is shown in Figure 5-16. In this diagram the opera¬ 
tion is as follows: 

Pressing the START button closes the contacts and com¬ 
pletes a circuit from Li through the normally closed con¬ 
tacts on the JOG button and the STOP button, the over¬ 
load contacts, the holding coil and to the line L s . This 
energizes the holding coil, causing contacts A, B, and C to 
make and connect the motor across the line. The maintain¬ 
ing contact keeps the holding coil in the circuit after the 
finger is removed from the START button. Pressing the 
STOP button opens the coil circuit and stops the motor. 

If the JOG button is pressed, a circuit is completed from 
L x to the normally open contact of the JOG button, through 
the jog contacts, through the STOP button, the overload 
contacts, and the coil to line L 3 . The coil is energized, thus 
causing the line contacts to make and connect the motor. 
The maintaining contacts also make, but this circuit is 
broken at the JOG button and therefore becomes inopera¬ 
tive. Removing pressure from the JOG button de-energizes 
the holding coil and the motor stops. Figures 5-17 and 5-18 
show, respectively, the control circuit of one START-JOG- 
STOP station and two START-JOG-STOP stations. Fig¬ 
ures 5-19 and 5-20 show two START-JOG-STOP stations, 
except that the buttons are in another position. Figure 
5-21 is a diagram of another method of connecting such a 
station. 

In connections involving the JOG button, the danger 
exists that the starter might lock in over the normally closed 
contacts of the JOG button when the button snaps back 
rapidly. To make the operation safe, a simple two-button 
station can be used in which the START button is used to 
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jog as well as run. This type of station has a switch on the 
panel which permits the START button to be used as either 
a START or JOG button. The panel of such a station is 
shown in Figure 5-22. Figure 5-23 shows this station con¬ 
nected to a magnetic switch. Figure 5-24 is a line diagram 
of the control circuit. 

Another method of obtaining safe jogging is through the 
use of a jog relay, as shown in Figure 5-25 and 5-26. When 
a jogging relay is used, the JOG button need have only 
normally open contacts. The advantage of this method of 
jogging is that no matter how carelessly a worker may oper¬ 
ate his machine, the motor starter cannot lock in. 

When the START button is pressed, the relay coil is 
energized, thus closing the relay contacts JR t and JR 2 . 
JR X closes the circuit for the holding coil, causing contacts 
HC to close. This completes the maintaining circuit for 
the holding coil when the button is released. In the mean¬ 
time all the main contacts are made, closing the circuit to 
the motor. If the JOG button is pressed while the motor 
is at standstill, a circuit is formed through the holding coil 
only as long as the button is pressed. It is impossible for 
the starter to lock in no matter how quickly the finger is 
withdrawn. 

START-STOP Station with a Pilot Light . Sometimes it 
is advisable to have a pilot light on the pushbutton station 
to indicate if the motor is running. The lamp usually is 
mounted on the station and is connected across the holding 
coil. Such a connection is shown in Figures 5-27 and 5-28. 
The station is pictured in Figure 5-29. 

Across-the-line Reversing Starter. The magnetic starters 
shown thus far are designed to operate the motor in one 
direction, either clockwise or counterclockwise. If it is 
necessary to reverse the motor, its connections must be 
changed. 

Some applications, such as conveyors, hoists, machine 
tools, elevators, and others, require a motor starter that can 
reverse the motor when a button is pressed. Thus, two of 
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the line leads can be interchanged to reverse a three-phase 
motor by means of a magnetic reversing switch. A revers¬ 
ing starter of this type is shown in Figure 5-30. The circuit 
is given in Figures 5-31 and 5-32. Note that it is necessary 
to use a FORWARD-REVERSE-STOP station, with three 
buttons, and that two operating coils are used, one for for¬ 
ward rotation and the other for reverse rotation. 

Two sets of main and auxiliary contacts are used. One 
set closes when forward operation is desired; the other set 
closes for reverse rotation. These contacts are connected in 
such a manner that two line wires feeding the motor are 
interchanged when the reverse contacts close. 

In operation, pressing the FORWARD button completes 
a circuit from L t through the overload contacts, the STOP 
button, the FORWARD button, and the FORWARD coil 
to L 2 . This energizes the coil, which closes the contacts for 
forward operation of the motor. Auxiliary contacts F also 
close, maintaining the current through coil F when the but¬ 
ton is released. Pressing the STOP button opens the cir¬ 
cuit through the FORWARD coil which releases all con¬ 
tacts. Pressure on the REVERSE button energizes the 
REVERSE coil which closes the reverse contacts. Ter¬ 
minals Ti and T 3 are now interchanged and the motor 
reverses. 

Usually reversing starters are equipped with a mechani¬ 
cal interlock in the form of a bar which will prevent the 
REVERSE contacts from making while the FORWARD 
contacts are closed. This bar is pivoted in the center, and 
when the FORWARD contactor goes in, it moves the bar 
into a position where it is impossible for the REVERSE 
contacts to make. 

All of these starters are equipped with overload relays, 
generally of the thermal-relay type. On some starters, two 
sets of relay contacts may be found, one for each relay, 
while on other starters only one set of contacts is used for 
both relays. 

Sometimes more than one FORWARD-REVERSE-STOP 
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station is used to control a magnetic reversing switch. Fig¬ 
ures 5-33, 5-34, and 5-35 are connection diagrams of two 
such stations in different positions. 

Besides having a mechanical interlock, many reversing 
controllers may be electrically interlocked through the push¬ 
button station. In this system, the pushbutton contacts 
are so interconnected that the forward and reverse coils 
cannot be energized at the same time. With this arrange¬ 
ment, it is also possible to reverse the motor from the FOR¬ 
WARD or REVERSE buttons without first operating the 
STOP button. A wiring diagram of this connection is 
shown in Figure 5-36. Note that the FORWARD and 
REVERSE buttons have four contacts each, two normally 
closed and two normally open. Several control circuits for 
this arrangement are shown in Figures 5-37 and 5-38, and a 
schematic diagram is given in Figure 5-39. 

In operation, pressing the forward button closes a circuit 
from L x through the STOP button, the upper contacts of 
the REVERSE button, the lower contacts of the FOR¬ 
WARD button, to the forward coil, the overload contacts, 
and to Lo. The maintaining contacts for the forward coil 
keep it energized when pressure is removed from the but¬ 
ton. If the REVERSE button is pressed while the motor 
is running in the forward direction, the circuit through the 
forward coil is immediately broken and a new circuit formed 
for the reverse coil. 

Reversing magnetic switches are made in several designs. 
Figure 5-40 shows a starter similar to that of Figure 5-31, 
except that the contacts for the reverse rotation are placed 
directly under those of the forward rotation instead of to 
the right. The operation of this starter is exactly the same 
as that of the starter just described. 

Reduced-voltage Resistance Starters 

If a squirrel-cage motor is connected directly across the 
line, the starting current will be several times the normal 
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running current. In very large motors this abnormal flow 
may be injurious to the driven machinery. 

On small motors this injurious effect is seldom noticeable, 
so that across-the-line starters may be used safely. For the 
large motor, however, it is sometimes necessary to use a 
starter that will hold the starting current at a safe value. 
The need for these starters depends a great deal on the con¬ 
struction of the motor and the use to which it is put. 

The following controllers will be treated in this section: 
primary-resistance starters, secondary-resistance starters, 
autotransformer starters—compensators, star-delta starters. 

Primary-resistance Starters. The current flow to a mo¬ 
tor will be considerably reduced if resistance units are placed 
in series with the line. The motor will start up slowly, and 
as it accelerates, it sets up a counter e.m.f., which keeps the 
line current at a normal value. As a result, after the motor 
has reached a certain speed, the resistance can be removed 
from the circuit and the motor operates on the full line 
voltage. 

Resistance starters may be used in either the stator 
(primary) circuit or in the rotor (secondary) circuit. In 
the latter case, a wound rotor with three slip rings is used. 

Rheostat Type of Resistance Starter. There are two 
types of primary-resistance starters: manual resistance 
starters of the rheostat type and automatic resistance start¬ 
ers. The rheostat type of starter for a three-phase motor 
is shown in Figure 5-41. It can also be used for a two-phase 
and repulsion-induction motor. The resistances are con¬ 
nected in two of the three-phase lines. The arm of this 
rheostat consists of two sections insulated from each other. 
Under each section, a metal strip, usually made of copper, 
rides on contacts which are connected to taps on the re¬ 
sistances. 

As the arm is moved, sections of resistance are cut out, 
increasing the speed of the motor. The starter is so con¬ 
structed that equal amounts of resistance are removed from 
each line as the arm is moved. 
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Some starters are equipped with a holding coil to keep 
the arm at the last contact point and the rheostat is used 
only for starting. In other cases, the arm can be set in any 
position for speed regulation. The starting torque is cut 
down considerably when a resistance starter is used, be¬ 
cause the voltage drop due to the resistance converts most 
of the energy needed for starting into heat. 

Automatic Primary-resistance Starter. Figure 5-42 
is an illustration of a magnetically operated resistance 
starter. Three resistance units are used in this starter. The 
diagram shows two sets of contacts. When the contacts 
marked S are closed, a resistance unit is placed in series with 
each line lead feeding the motor, thereby causing it to start 
slowly and on reduced voltage. After a definite time, an¬ 
other set of contacts R also close, cutting out the resistance 
and placing the motor directly across the line. An elemen¬ 
tary diagram of this starter is shown in Figure 5-43. Its 
operation is as follows: 

When the START button is pressed, the circuit is com¬ 
pleted from L 3 through coil S to line L 2 . Coil S is energized, 
closing the starting contacts, and the motor starts slowly. 
When the starting contacts closed, the auxiliary interlock 
contacts also closed to maintain a circuit through coil S. 
At the same time a dashpot, or timing mechanism, is set in 
motion, and after a predetermined time another set of con¬ 
tacts is closed and a circuit is completed through coil R. 
This coil becomes energized and causes still another set of 
contacts to close. These cut out the resistance and connect 
the motor across the line. Pressing the STOP button opens 
all circuits through the holding coils, and thus all contacts 
to the motor are opened. 

A sustained overload will cause the heaters to become hot 
and will trip the overload contacts, opening the holding-coil 
circuits. To start the motor again, the overload contacts 
must be reset before the pushbutton circuits become opera¬ 
tive. A description of a dashpot and its operation and of a 
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timing mechanism is given under the heading of Definite 
Mechanical Time Starter in Chapter 8 on d-c controls. 

The two resistance starters just described placed resist¬ 
ance units in series with the line and thereby reduced the 
voltage applied to the stator winding. These are called 
primary resistance starters. The starting torque produced 
by a motor is comparatively low if this type of starter is 
used. 

Secondary-resistance Starter. If the resistance is inserted 
in the secondary or rotor circuit instead of the primary, the 
starting torque can be increased considerably. This can be 
accomplished by using a wound-rotor type of motor and by 
inserting resistance in the rotor-winding circuit. 

The rotors of this type of motor have a three-phase, star- 
connected winding, the leads of which are joined to three 
slip rings located on the shaft of the rotor. The stator of 
this motor is connected across the line by means of either 
a triple-pole fused switch or an across-the-line magnetic 
starter. 

The principle of operation is as follows: 

If the three slip rings are shorted, the effect is similar to 
having a motor with a squirrel-cage winding. This motor 
will draw an excessive current if connected directly across 
the line. However, if the three slip rings are connected 
through three resistance units, a much lower current will 
flow through the line wires. The motor will start slowly, 
and as it accelerates, the resistance is gradually cut out until 
the motor runs at full speed. 

This type of motor is always started with the entire re¬ 
sistance in the circuit. In Figure 5-44, the manual switch 
is first thrown in and then the handle on the resistance 
starter is slowly moved -in a clockwise direction until all the 
resistance is cut out. This gradually increases the speed of 
the motor until it is running full speed. These controllers 
are also made as speed regulators so that any desired speed 
can be obtained. Figure 5-45 shows a resistance starter 
which uses a magnetic switch for line connections. 
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Wound-rotor resistance starters are designed for magnetic 
operation as well as for manual control. An elementary 
diagram of a simple starter with two steps of acceleration is 
illustrated in Figure 5-46. In operation, pressing the 
START button energizes coil S. This closes all S contacts, 
placing the stator directly across the line and the rotor in 
series with the resistance units. A timing mechanism of the 
dashpot, escapement, or other definite-time type, prevents 
time-delay contact S from closing until a set time has 
elapsed, whereupon coil R is energized and contacts R close, 
cutting the resistance out of the rotor circuit. This brings 
the motor up to full speed. If the STOP button is pressed, 
or if in the event of a prolonged overload coil S is de¬ 
energized, the motor will stop. 

Auto transformer Starters — Compensators . Although re¬ 
sistance starters are used to a great extent, autotransformer 
starters are much more satisfactory for reducing the voltage 
in the motor. The advantage lies in the fact that the re¬ 
duced voltage is accomplished by transformer action, and 
not by means of a resistance which wastes energy through 
heat. 

The autotransformer is a coil of wire wound on a lami¬ 
nated iron core. Several taps are brought out to obtain 
different voltages. On the common type of compensator, 
three autotransformers, one for each phase of the line, are 
connected in star as shown in Figure 5-47. If each coil is 
tapped at the center and connected as shown to a three- 
phase motor, the voltage impressed would be one-half the 
line voltage. This is the manner in which the motor is con¬ 
nected when it is started. With this connection, the line 
current at start is considerably reduced. 

On the ordinary compensator, two or three taps are 
usually brought out of the autotransformer so that different 
voltages can be applied to the motor at start. Whichever 
tap produces the most satisfactory starting torque at the 
lowest starting current should be used. 
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Manual Autotransformer Starter. A typical manual 
autotransformer compensator is shown in Figure 5-48. It 
contains two sets of stationary contacts and a set of mov¬ 
able contacts. The movable contacts are mounted on an 
insulated cylinder to which a handle is attached. 

When the motor is started, the handle is moved quickly 
in one direction. This connects the motor to the autotrans¬ 
former so that it is started on a reduced voltage. After the 
motor accelerates, the handle is rapidly pulled in the op¬ 
posite direction. This disconnects the motor from the auto- 
transformer and connects it directly across the line. 

On nearly all manual compensators, the handle can only 
be moved in one direction at start, this direction being the 
one that starts the motor on a reduced voltage. It is neces¬ 
sary that the handle be moved quickly from the START to 
the RUN position, otherwise the motor will slow down as a 
result of the momentary open caused by the movement of 
the contacts from start to run. Most compensators have 
the contacts immersed in oil. This is used in order to ex¬ 
tinguish quickly the arc that develops when the handle is 
thrown from START to RUN and thereby prevent the con¬ 
tacts from pitting. 

Once the handle and contacts are in the RUN position, 
a holding coil which is connected across two terminals of 
the motor becomes energized and holds the handle in place. 
To stop the motor, a STOP button is pressed which opens 
the circuit in the holding coil, and this in turn releases the 
andle. Spring action returns the movable contact to its 
normal OFF position. If the voltage should fail or be re¬ 
duced, the holding coil will be unable to hold the handle in 
the RUN position. If a prolonged overload should occur, 
the overload relay contacts will open and de-energize the 
holding coil. In order to restart the motor, it is necessary to 
reset the overload relay by pressing a RESET button. Fig¬ 
ures 5-49 and 5-50 show the wiring diagrams of a normally 
operated, three-phase compensator. 
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In operation, the handle is thrown first to the starting 
position, causing the movable contacts to make contact with 
the stationary start contacts. This connects the motor 
through the autotransformer and starts it at a reduced volt¬ 
age. After the motor accelerates, the operator pulls the 
handle back to the running position, and this connects the 
motor to the line. The holding, or undervoltage, coil is 
connected across two leads of the motor with a STOP but¬ 
ton and overload relay contacts in series with it. To stop 
the motor, the button is pressed and the coil de-energized, 
causing the handle and movable contacts to spring back to 
the OFF position. 

The overload relay is used in the circuit while starting as 
well as running the motor. Some compensators are so con¬ 
nected that the overload relays are in the circuit only in the 
running position. Figure 5-51 shows such a circuit. This 
is done to prevent the relay from tripping because of an ex¬ 
cess starting current. 

Compensators are also made with two autotransformer 
coils instead of three. These can operate either three-phase 
or two-phase motors. Figure 5-52 shows a diagram of a 
two-coil compensator operating a two-phase motor. This 
type of compensator can also be used to operate a three- 
phase motor. Figure 5-53 shows a diagram of a two-coil 
compensator operating a three-phase motor. Its operation 
is as follows: When the handle is thrown to the START 
position, L 2 connects directly to the motor, while L x and L 3 
connect directly to the autotransformers. Taps on the 
transformers are connected to the two other motor leads so 
that the motor starts on a reduced voltage. After it has 
accelerated, the handle is quickly thrown to the RUN posi¬ 
tion and is held there by the holding, or undervoltage, coil. 
Figure 5-54 shows the connection when the motor is start¬ 
ing. This is known as an open-delta connection. 

Automatic Autotransformer Starter. Automatic 
autotransformer compensators are essentially the same as 



ALTERNATING-CURRENT MOTOR CONTROL 


145 


the manually operated type just described, except that the 
contactors are closed magnetically and are also equipped 
with a timing device, which connects the motor across the 
line after it has been running on reduced voltage for several 
seconds. An advantage of an automatic compensator is 
that it can be controlled by just pressing a button, which 
can be located at a convenient remote place. The diagrams 
for this compensator are shown in two sections, one section 
for the motor circuit and the other for the control circuit. 
Figure 5-55 is a diagram of the motor circuit. 

If the start coil is energized, the six START contacts will 
close and put the autotransformer in the motor circuit, 
thereby causing it to run at a reduced voltage. After a set 
time the start coil is de-energized, and the run coil ener¬ 
gized. This causes the run contactors to close and connect 
the motor across the line. 

Various types of timing relays are used to perform the 
operation of opening the circuit of the start coil and closing 
that of the run coil. One type, manufactured by the Gen¬ 
eral Electric Company, uses a small relay motor which is 
set in motion by pressing the START button. The relay 
motor regulates the period of time that the motor is kept 
on reduced voltage by setting in motion a chain of gears 
which open or close several interlocking contacts. The 
control circuit of the automatic compensator employing the 
relay motor for timing is shown in Figure 5-56. 

When the START button is pressed, a circuit is com¬ 
pleted through the stop contacts, start contacts, coil S, 
overload contacts, and back to line, energizing coil £ and 
causing all the starting contacts to close. This places the 
motor in the autotransformer circuit so that it runs at a 
reduced voltage. A normally closed auxiliary contact in 
series with the running coil or coil R is opened, and conse¬ 
quently the running contacts cannot possibly be closed when 
the start coil is energized. 

At the same time another circuit is formed through the 
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relay coil, which causes auxiliary contacts RC to close and 
maintains the circuits when the finger is removed from the 
start button. 

Still another circuit is closed when the START button is 
pressed—the one through the relay motor. The relay motor 
starts turning and sets in motion a chain of gears which, 
after a definite time, opens the circuit to the start coil and 
closes the circuit in the run coil, at the same time opening 
the circuit to the relay motor. This operation causes the 
starting contacts to open and the run contacts to close, con¬ 
necting the motor across the line. 

If a sustained overload occurs, or if the STOP button is 
pressed, the control circuits are broken, and the RUN con¬ 
tacts open and stop the motor. 

Star-delta Starters. This method of reduced-voltage 
starting applies only to three-phase, delta-connected mo¬ 
tors. If a delta-connected motor is connected across a 208- 
volt, three-phase line, each phase will receive 208 volts as 
shown in Figure 5-57. 

On the other hand, if the motor is reconnected star and 
the same line voltage applied, each phase will receive 58 per 
cent of 208, as shown in Figure 5-58. 

To apply this principle to a controller, it is necessary to 
bring six leads out of the motor so that they can be inter¬ 
changed when connecting from star starting to delta run¬ 
ning. 

Manual or pushbutton magnetic controllers can be used 
to effect the change. Figure 5-59 shows a manual method 
of star-delta starting by means of a three-pole, double¬ 
throw switch. 

In starting, the main switch is first closed, then the 
double-throw switch is closed for the starting position. 
Leads 4 > and 6 are connected together when the switch is 
down, forming the star point, while leads 1, 3, and 5 are 
connected to the line. The motor starts rotating as a star- 
connected motor, and each phase receives approximately 58 
per cent of its rated voltage. After the motor accelerates, 
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the switch is closed in the running portion, connecting 2 to 
3,4 to 5, and 6 to 1, which is a delta connection. The motor 
now runs on full voltage. 

Figure 5-60 illustrates the circuit of an automatic star- 
delta starter. When the START button is pressed, the 
main contacts close. Coil S is thus energized and closes 
contacts S, thereby causing the motor to operate star-con¬ 
nected. After a set time, a timing relay, which is actuated 
by the closing of the main contacts, opens the starting coil 
and closes the running coil, causing the motor to run delta- 
connected. The STOP button releases all contacts. 

Drum Starters 

A manual drum type of controller, which can be used for 
starting or reversing small three-phase motors, is shown in 
Figures 5-61 and 5-62. This drum switch can also be used 
for split-phase, capacitor, or two-phase motors, as shown in 
Figures 5-63 and 5-64. 

A switch of this type is used if the motor is located close 
to the operator, as, for example, on small lathes or other 
machine tools. 

Figure 5-62 shows that when the handle is moved from 
one position to another, two line wires are interchanged and 
the motor reverses. This switch can be adapted to reverse 
any small motor whether it is a-c or d-c. A complete de¬ 
scription of this controller is given in Chapter 8. 

CONTROLLERS 

Two-speed Controllers 

The speed of a two- or three-phase motor can be changed 
by changing the number of poles in the motor. This may 
be done by reconnecting the motor, so that the resulting 
number of poles is either twice or half the number of the 
original poles. This is known as a consequent-pole connec¬ 
tion. 

Two-speed motors that do not have a 2-to-l speed ratio 
have two separate windings in the motor. When one or the 
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other winding is connected to the line, the motor will run 
at different speeds because of the different number of poles 
in each winding. 

Manual and magnetic controllers are constructed for the 
purpose of changing the motor connections for different 
speeds, as in the case of the consequent-pole motor, and for 
changing from one to another where two-winding motors 
are used. 

All these controllers employ overload protection in the 
form of thermal or magnetic relays. Some applications re¬ 
quire that the motor be first started on slow speed and then, 
if so desired, raised to high speed. This is done by equip¬ 
ping the controller with a relay which will permit this se¬ 
quence. 

Other applications require that the motor be started on 
low speed and then automatically be connected on high 
speed only after a definite time has elapsed. This is accom¬ 
plished by equipping the controller with a definite time 
relay. 

The following two-speed controllers will be described and 
illustrated: 

Magnetic: (1) Two-speed controller for two-separate- 
winding motors. 

(2) Two-speed controllers for consequent-pole- 
winding motors. 

Manual: (3) Cam switch for two-speed motors. 

Two-speed, Controller for Motors with Two Separate 
Windings. Figure 5-65 shows a wiring diagram of a two- 
speed controller for operating a 3-phase motor that has 
two separate windings. When the HIGH-SPEED button 
is pressed, coil H is energized, causing contacts H to close 
and thereby connecting the high-speed winding directly 
across the line. Auxiliary contact H also closes and keeps 
coil H energized after the high-speed button is released. 
Pressing the STOP button causes the main contacts to open 
and stop the motor. The same result will be produced if 
coil H is de-energized when an extended overload occurs. 
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If the LOW-SPEED button is pressed while the motor is 
running at high speed, coil H will immediately become de¬ 
energized because of its interconnection with the contacts of 
the low-speed button. Coil L will then be energized, and 
the low-speed winding is connected to the line. This con¬ 
troller can be equipped with relays that will permit an auto¬ 
matic speed change from LOW to HIGH after a set time. 

A line diagram of this controller is shown in Figure 5-66. 

Two-speed Controller jor a Consequent-pole Winding 
Motor . Figure 5-67 is a wiring diagram of a controller that 
is used to change the speed of a two-speed, consequent-pole- 
winding motor with constant torque. Five contacts are 
used for high speed. Eight main contacts are needed for 
this type of controller. 

The operation is as follows: When the LOW-SPEED but¬ 
ton is pressed, a circuit is formed from L 3 through the STOP 
button, the top contacts of the HIGH-SPEED button, the 
bottom contacts of the LOW-SPEED button, coil L, and 
the overload contacts to L 2 . This energizes coil L, closing 
L contacts and connecting the motor in series-delta for low- 
speed operation. An auxiliary contact keeps coil L ener¬ 
gized. 

When the HIGH-SPEED button is pressed, coil H is 
energized, closing all five H contacts and connecting the 
motor in two-parallel star across the line for high speed. 
Motor leads 1, 2 , and 3 connect together, forming the star 
point of the two-parallel-star connection, and motor leads 
4, 5 y and 6 are connected to the line. 

This controller can be equipped with relays that will start 
the motor only on low speed or accelerate it from low to 
high speed in a set time. To connect this controller to 
constant-horsepower, or variable-torque, two-speed motors, 
it is necessary to change the motor connections to the con¬ 
troller. Figure 5-68 shows a line diagram of the controller 
connected to a constant-torque, two-speed motor. 

Rotating Cam Switch jor Two-speed Motors. This type 
of switch is similar to the drum type of switch with its 
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movable and stationary contacts. It may be operated in 
conjunction with an across-the-line magnetic switch to 
supply the necessary low voltage and overload protection. 

Figure 5-69 is a diagram of this type of rotating cam 
switch used for a constant-horsepower, single-winding, two- 
speed motor. This motor is connected two-parallel star for 
low speed and series delta for high-speed operation. There 
are two sets of movable contacts for low speed and two sets 
for high speed. When the cam is moved so that the mov¬ 
able contacts at 1 in the diagram make contact with the 
stationary contacts (small circles), low-speed operation is 
effected. If the movable contacts are moved further so that 
the contacts at 2 touch the stationary contacts, then the 
motor will run on high speed. 

Quick-stop A-C Controllers 

In many motor applications, it is necessary to have a 
method of quickly stopping or braking the motor to ensure 
safe operation and to save time. 

While a three-phase motor is coasting to a standstill, cur¬ 
rent is sent through it in a direction that will cause it to 
tend to reverse its rotation. The power is then immediately 
disconnected. This is called plugging and is accomplished 
by reversing the current through two leads of a 3-phase 
motor. 

To effect plugging, the instant the motor circuit is opened, 
a new circuit is established that will tend to reverse the mo¬ 
tor. This will immediately stop it and cause it to run in 
the opposite direction. If the line is disconnected at the in¬ 
stant the motor comes to a full stop and is about to reverse 
its direction, then the motor will remain at a standstill. 

To accomplish this, a plugging relay is used. The relay 
is mounted on top of the motor and is operated by a belt 
attached to the shaft of the motor. Contacts located inside 
the relay close when the motor is running, but prevent oper¬ 
ation in the reverse direction by opening as soon as the mo¬ 
tor tries to reverse its direction. There are various designs 
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in the construction of these relays, but essentially the opera¬ 
tion of all of them is the same as that described. 

A wiring diagram of a controller and plugging relay is 
shown in Figure 5-70. A reversing type of across-the-line 
starter is used. The simplified diagram of Figure 5-71 is 
traced in the following explanation of the circuit. 

When the START button is pressed, coil F is energized 
and causes the three main contacts F to close and connect 
the motor across the line. At the same time, the normally 
open auxiliary contact F\ is closed, maintaining the current 
through coil F. Also normally closed auxiliary contact F 2 
is opened, thereby preventing current flow through the re¬ 
verse coil R. The plugging relay contacts are closed by the 
rotation of the motor. 

If the stop button is pressed, coil F is de-energized, and it 
opens the line contacts to the motor, contacts F 2 close, 
thereby completing a circuit through the plugging relay to 
coil jR. This coil is energized and closes main contacts R, 
which cause current to flow through the motor in the re¬ 
verse direction. 

The motor immediately comes to a stop, and the instant 
it reverses its direction, it opens the relay contacts de-ener¬ 
gizing coil R. The main contacts R open and break the line 
circuit to the motor. This controller can be used for plug¬ 
ging in either direction. 

There are several other methods that can be used for 
quickly stopping a polyphase motor. One of these is the ap¬ 
plication of low-voltage direct current to one phase imme¬ 
diately after the line switch to the motor is opened. 

TROUBLESHOOTING AND REPAIR 

In this section it is assumed that the motor and fuse are 
in good condition. To make certain that the motor is not 
at fault, connect test lamps at the motor terminals and 
determine whether current is available when the contacts of 
the controller are closed. If there is no current, the trouble 
probably lies in the controller. 
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Since there are many different kinds and makes of con¬ 
trollers, a general procedure for locating the source of trou¬ 
ble is given. 

1. If the motor does not start when the main contacts 
close, the trouble may be 

a. Open overload heater coil or poor connection 

b . Main contacts not making. It is not unusual for one 
or more contacts to wear sufficiently so that they will not 
make when closed. This will also occur if the contacts be¬ 
come dirty, gritty, or burned 

c. Broken, loose, or dirty terminal connection 

d. Loose or broken pigtail connection 

e. Open resistance units or open autotransformer 

/. Obstruction on the magnet core, preventing the con¬ 
tacts from closing 

g. Mechanical trouble, such as mechanical interlocks, 
gummy pivots, poor spring tension, and so on 

2. If the contacts do not close when the START button 
is pressed, the trouble may be 

a. Open holding coil. This can be tested by connecting 
a test lamp across the coil terminals when the START but¬ 
ton is pressed. If the lamp lights when the START button 
is pressed, but the coil does not become energized, the coil 
is defective. 

b. Dirty START-button contacts or poor contact 

c. Open or dirty STOP-button contacts. If more than 
one station is connected to the same controller, each station 
should be checked. If FORWARD-REVERSE stations are 
used and they are interlocked, check all contacts 

d. Loose or open terminal connections 

e. Open overload-relay contacts 

/. Low voltage 

g. Shorted coil 

h. Mechanical trouble 

3. If the contacts open when the START button is re¬ 
leased, the trouble may be 
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a. Maintaining contacts that do not close completely or 
are dirty, pitted, or loose 

b. Wrong connection of station to the controller 

4. If a fuse blows when the START button is pressed, 
the trouble may be 

a. Grounded contacts 

b. Shorted coil 

c. Shorted contacts 

5. If the magnet is noisy in operation, the trouble may be 

a. Broken shaded pole causing chattering 

b. Dirty core face 

6. If the magnet coil is burned or shorted, the trouble 
may be 

a. Overvoltage 

b. Excessive current due to a large magnetic gap caused 
by dirt, grit, or mechanical trouble 

c. Too frequent operation 
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CHAPTER 6 

Direct-current Armature Winding 


The complete process of armature winding involves a 
number of operations that- are performed in sequence. 
These are taking data while stripping the armature; in¬ 
sulating the core; making and taping coils; placing the coils 
in the slots; connecting the coil leads to the commutator; 
soldering the leads to the commutator; testing; turning the 
commutator in the lathe; baking and varnishing. 


, DATA SHEET FOR D C. ARMATURES 

Make 


K.W. HP 

— 

R.RM. 

Volts 

Amps. 

Cycle 

Type 

Frame 

Style 

Temp. 

Model 

Serial ^ 

Phase 

No of Slots 

Bars 

Coils/Slot 

Size Wire 

Coil Pitch 

O 

„ . - 01 A A Center of Bars 

Center of Slot to Center of Mica 

Commutator Pitch 

Lap Wave 


When armatures such as shown in Figures 6-1 A, B, and 
C require rewinding, sufficient information must be gath¬ 
ered in the process of stripping to enable the mechanic to 
rewind it exactly as it was wound originally. Unless the 
different types of windings and connections are familiar to 
the mechanic, it will be almost impossible to record the 
necessary data. The different types of windings and con- 
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nections will be described, and directions given for rewind¬ 
ing the more important ones. 

TYPICAL WINDING FOR A SMALL ARMATURE 

The simplest type of winding consists of a series of coils 
wound into the slots of an armature and connected in suc¬ 
cession to the commutator. Figure 6-24 shows a diagram 
of this winding. The commutator is shown flattened for 
simplicity. A circular schematic diagram of the same wind¬ 
ing is given in Figure 6-2B. 

Before an armature is wound, however, the slots must be 
insulated to prevent the wires from touching the iron core 
and causing grounds. As in the other types of motors, the 
same kind and thickness of insulation is inserted as was re¬ 
moved. On a small armature, the insulation is cut so that 
it protrudes approximately % in. on both ends of the arma¬ 
ture slot and about 14 in. above the slot, as shown in Figure 
6-3. It is also necessary to insulate the shaft of the arma¬ 
ture by placing several turns of insulating tape around it. 
Usually the end lamination is made of fiber that protects 
the coils from grounding. This is fitted over the shaft and 
extended outward to the bottom of the slots, as shown in 
Figure 6-4. 

Winding Procedure 

Small armatures, such as those used in vacuum cleaners 
and drills, can be held in one hand, as shown in Figure 6-5. 
Large armatures are mounted between horses, as shown in 
Figure 6-6. 

Assuming a nine-slot armature, the winding procedure is 
as follows: 

Insert insulation in the slots. Choose any slot and call it 
slot 1. Wind the required number of turns into the slots of 
the proper pitch or span and then make a loop, as shown 
in Figure 6-7. Use enough tension on the wire to make a 
tight winding without breaking the wire. Make the loop 
at the end of the first coil and the beginning of the second 
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coil. Start the second coil in slot 2 and wind the coils with 
the same number of turns as coil 1. Be sure that the coil 
span is the same as coil 1 . 

Make a loop when the second coil is finished, and then 
start winding in slot S. Continue in this manner until nine 
coils have been wound. Connect the end lead of the last 
coil to the beginning lead of the first coil. After the entire 
armature is wound, there will be two coil sides in each 
slot. Figure 6-8 shows a step-by-step winding of an arma¬ 
ture having nine slots. This type of winding, in which a 
loop is made of the end of each coil, is called a loop winding. 

Placing Wedges in the Slot . After the armature has 
been wound, the next operation is to close the slots so 
that the wires will not fly out while the armature is ro¬ 
tating at full speed. The procedure is illustrated in Figure 
6-9. 

Cut the insulation so that it extends out of the slot 
about %6 in. Use a piece of fiber to press one side of the 
insulation into the slot and then the other side of the in¬ 
sulating strip into the slot. Slide a wooden (or fiber) 
wedge of the proper size into the slot over the insulation. 
On large armatures, the insulation is cut flush with the 
top of the slot and then banded. 

Lead Swing 

One of the most important operations in the winding 
of an armature is placing the coil leads in the proper com¬ 
mutator bars. Leads may be placed in the bars in any 
one of three different positions, depending on the original 
location. If a slot in the armature is viewed from the 
commutator end, the leads to the commutator may swing 
to the right of the slot or to the left, or they may be aligned 
with it. 

The following method is used in determining the posi¬ 
tion of the leads in the commutator. 
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Stretch a piece of cord or string through the center of 
a slot, as shown in Figure 6-10. Note whether it is in align¬ 
ment with a commutator bar or with the mica between 
bars. If the data call for a lead swing of three bars to 
the right, place the lead of the first coil three bars to the 
right, counting the bar that lines up with the slot as No. 1. 
All the other leads follow in succession, as shown in Figure 
6-11. If the center of the slot is in line with the mica, 
consider the bar to the right of the mica as bar No. 1. 

Windings with More than One Coil per Slot 

In the armature so far discussed the number of slots is 
equal to the number of commutator bars. This is not true 
of all armatures. Some have twice as many bars as slots, 
and it is not unusual for them to have three times as many 
bars as slots. In an armature of this type, the number 
of coils is always equal to the number of bars; therefore, 
an armature that has nine slots and eighteen bars has 
eighteen coils. The procedure in winding an armature of 
this type is exactly the same as for the simple loop wind¬ 
ing, except that each slot has two loops. 

Winding a Loop Armature with Twice as Many Commu¬ 
tator Bars as Slots. Assume a nine-slot, eighteen-bar 
armature. The procedure for winding this two-coil-per- 
slot armature is as follows: Wind the first coil into slots 1 
and 5 in the same manner as in the simple loop winding. 
Make a loop and wind the second coil into the same slots. 
Make a loop and start the third coil in the slot 2 . Con¬ 
tinue in this manner winding two coils before going to the 
next slot. The windings should appear like those shown in 
Figures 6-12 and 6-13. There should be two loops for each 
slot. To distinguish between the first and second loops of 
each slot, sleeving of different colors may be put on the 
loops, or the second loop of each slot may be made longer 
than the first. This procedure enables the winder to place 
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the leads in the proper commutator bars without testing 
each lead. 


LAP WINDING 

Armature windings are classified in two main groups, 
lap and wave windings. The difference between them is 
the manner in which the leads are connected to the com¬ 
mutator bars. Lap windings may be classified in three 
ways: simplex lap winding, duplex lap winding, and triplex 
lap winding. 

The simplex lap winding is one in which the beginning 
and the end leads of a coil are connected to adjacent com¬ 
mutator bars, as shown in Figure 6-14. Thus, the end lead 
of the first coil connects to the same commutator bar as 
the beginning lead of the second coil, and so on. 

The duplex lap winding is one in which the end lead 
of a coil is collected two bars away from the beginning 
lead, as shown in Figure 6-15. Thus, the end lead of the 
first coil is placed in the same commutator bar as the be¬ 
ginning lead of the third coil; the end of the third in the 
same bar as the beginning of the fifth; and so on. 

The triplex lap winding is one in which the end lead of 
a coil is connected three bars away from the beginning 
lead, as illustrated in Figure 6-16. Thus, the end of the 
first coil is connected to the same commutator bar as that 
of the fourth coil; the end of the fourth to the beginning 
of the seventh; and so on. 

The simplex winding is most frequently used on small- 
and medium-sized armatures. Duplex and triplex windings 
are not employed to any great extent, but simplex wind¬ 
ings can generally be reconnected as duplex or triplex wind¬ 
ings when it is desired to run a motor on a lower voltage. 
Brushes used on duplex-wound armatures must contact at 
least two commutator bars, while brushes for triplex-wound 
armatures must touch at least three commutator bars. 

The statement that any winding in which the beginning 
and end leads of the same coil are connected to adjacent 
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bars is a simplex lap winding is true for any number of 
poles that a motor may have. To illustrate the lap wind¬ 
ing, several types of armature windings will be described. 

Lap Winding with Loops 

A simple lap winding having one coil for each slot is 
shown in Figure 6-7. This nine-slot armature has nine 
coils, one for each slot. In this armature, the number of 
slots and commutator bars must be the same. The loops 
are connected to the commutator bars in succession, as 
shown in Figure 6-17. 

A lap winding with two coils for each slot is shown in 
Figure 6-18. A nine-slot armature in this case has eighteen 
coils. There must be twice as many commutator bars as 
slots, because there are eighteen loops, and each loop re¬ 
quires one commutator bar. As illustrated, one loop is 
made short and the next one long, so that the leads may be 
put in the bars in the proper rotation. 

Loop windings may also have three coils for every slot. 
It is then necessary to have three times as many commu¬ 
tator bars as slots. 

Lap Winding without Loops. In a lap winding, it is 
possible to place the beginning lead in the proper commu¬ 
tator bar as each coil is wound and to connect all the end 
leads to the proper bars after the entire armature is wound. 
This requires the end lead of each coil to be left free until 
all the coils are wound. 

Armature with One Coil per Slot 

The procedure for winding and connecting an armature 
having one coil per slot follows: 

Start in any slot and wind one complete coil in the slots 
of proper pitch. Place the beginning of coil 1 into the 
proper commutator bar, and leave the end lead free for 
connection after the armature is wound. Wind the entire 
armature in this manner, leaving all the end leads discon¬ 
nected, as shown in Figure 6-19. After all coils are wound, 
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connect all the top or end leads to the commutator. Place 
each top lead in the bar adjacent to the bottom lead of the 
same coil to produce a simplex lap winding like that given 
in Figure 6-20. 

Armature with Two Coils per Slot 

Simplex lap-wound armatures, having two coils per slot 
are more common than those having one coil per slot. The 
procedure for winding this type of armature is as follows: 

Start winding with two wires and place the beginning 
leads in the commutator bars according to the data taken. 
Cut the wires when the proper number of turns have been 
wound into the slots, and leave the end leads free, as shown 
in Figure 6-21. Start the next coil one slot to the right of 
the first coil as viewed from the commutator end. (When 
the coils proceed to the left, the winding is called left- 
handed, and to the right, right-handed. Follow this pro¬ 
cedure until all coils have been wound. Then place the 
top, or end, leads in the commutator bars in the proper 
succession. This is shown in Figure 6-22. 

If it is difficult to identify the leads after all the coils 
are wound, the following method can be used to locate the 
proper top leads for correct connection. Use the test lamp, 
as shown in Figure 6-23; and place one test lead on a com¬ 
mutator bar. Apply the other test lead to each free lead 
until one is found that causes the lamp to light. This 
lead must be placed in the commutator bar adjacent to the 
beginning lead. 

Sleeving of different colors is sometimes used for identi¬ 
fication of the leads. One color is used for the beginning 
and end of the first coil, and another color for the second 
coil in the same slot; the third coil uses the same color 
as the first, and so on. It will be necessary to test the first 
top lead, and the colors identify all the others. 

Using short and long leads for the two coils in the same 
slot is another method of identifying the leads so that they 
can be connected properly. 
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Armature with Three Coils per Slot 

Lap-wound armatures with three coils per slot are wound 
in the same manner as armatures with two coils. Three 
bottom leads and three top leads are connected from each 
slot. These leads are placed in consecutive commutator 
bars, as was done in the case of the two-coil-per-slot wind¬ 
ings, and the leads are similarly identified. Figure 6-24 
shows three coils in one slot. 

Coil Windings 

The windings discussed thus far are hand windings in 
which the turns are wound into the slots one by one. This 
method is used on the small armatures, but on large arma¬ 
tures (and on a few small ones) the coils are wound on a 
form and then placed in the slots as a complete unit. The 
leads of a coil-wound armature are connected to the com¬ 
mutator in the same way as those of a hand-wound arma¬ 
ture. The procedure of winding, taping, and placing the 
coils in the slots is similar to that followed on three-phase 
motors. Figure 6-25 shows several coils of a coil-wound 
armature with two coils per slot. 

WAVE WINDINGS 

There are three groups of wave windings, namely, sim¬ 
plex wave winding, duplex wave winding, and triplex wave 
winding. 

The difference between a wave winding and a lap wind¬ 
ing is in the position of the armature leads on the com¬ 
mutator. In the simplex lap winding, the beginning and 
end leads of the same coil are connected to adjacent bars. 
In the wave winding, the beginning and end leads of a 
coil are connected to commutator bars quite far apart. 
Thus, on a four-pole motor they are connected on opposite 
sides of the commutator; on a six-pole motor they are 
connected one-third of the commutator bars apart; on an 
eight-pole motor, one-fourth the bars apart. A wave wind- 
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ing is one in which the beginning and end leads of a coil 
are connected a definite number of commutator bars apart, 
depending on the number of poles in the motor and the 
number of bars on the commutator. In a lap winding the 
leads face each other, as shown in Figure 6-26. In wave 
winding the leads face away from each other, as shown in 
Figure 6-27. 

In a wave winding for a four-pole motor the current must 
travel through at least two coils before reaching a bar ad¬ 
jacent to the starting point. For a six-pole motor the cur¬ 
rent will travel through three coils before reaching an 
adjacent bar. Two-pole motors cannot be wave wound. 

Commutator Pitch 

The number of bars between the coil leads is called the 
commutator pitch and is usually written c.p. Thus, 

£ _ No. of commutator bars ± 1 

No. of pairs of poles 

Assuming a four-pole, 49-bar armature, 

4Q 1 

C.p. = —^ ~ 24 or 25 bars 

Usually the number of bars is expressed as 1 and 25 or 
1 and 26. Thus, if the commutator pitch is 24 bars, the 
leads are placed in bars 1 and 25, as shown in Figure 6-28. 
If the commutator pitch is 25 bars, the leads are placed 
in bars 1 and 26. 

Retrogressive and Progressive Windings. According to 
the formula, the commutator pitch may be either of two 
figures. If the smaller number is used, the motor will run 
in one direction; and if the larger number is used, the 
armature will rotate in the opposite direction. These con¬ 
nections are known as retrogressive and progressive wind¬ 
ings, and they are used in both lap and wave windings. 
A simplex progressive lap winding is one in which the cur¬ 
rent flowing in a coil terminates one bar beyond the starting 
point. This type is shown in Figures 6-29 and 6-31. A 
simplex retrogressive lap winding is one in which the cur- 
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rent flowing in a coil terminates one bar before the starting 
point. This type appears in Figures 6-30 and 6-32. 

If a progressive connection is changed to a retrogressive 
connection, the armature will rotate in the opposite 
direction. 

Assuming a four-pole motor, a simplex progressive wave 
winding is one in which the current flowing through two 
coils in series terminates one bar beyond the starting point. 
A four-pole simplex progressive wave winding is shown in 
Figures 6-33 and 6-35. 

A simplex retrogressive wave winding is one in which 
the current flowing through two coils in series terminates 
one bar before the starting point. This type is shown in 
Figures 6-34 and 6-36. 

Connections for a progressive lap winding with two coils 
per slot are shown in Figure 6-37. Several coils of a retro¬ 
gressive lap winding are shown in Figure 6-38. 

Connections of both types of wave windings of 23-slot, 
45-bar armatures with two coils per slot are shown in Fig¬ 
ures 6-39, 6-40, 6-41, 6-42, and 6-43. 

Equalizer Connections. Equalizer connections, also 
known as cross connections , are used in large d-c armatures 
to minimize circulating currents. These circulating cur¬ 
rents are usually due to uneven air gaps between the field 
poles and the armature and may be eliminated by con¬ 
necting commutator bars of equal potential together. The 
bars to be connected together depend on the number of 
poles in the motor and the number of commutator bars. 
Since equalizer connections are used mostly on repulsion 
motors, this subject is discussed in more detail in Chapter 3. 
It should be understood that equalizer connections are used 
on lap windings only. 

REWINDING PROCEDURE 

Taking Data 

During the process of stripping an armature sufficient 
information should be recorded to enable the winder to 
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rewind it properly. The following procedure is used in 
many shops: 

Count the slots and commutator bars. Record the lead 
throw by marking the slots and commutator bars of a coil 
as shown in Figures 6-44, 6-45, and 6-46. The marks shown 
in the diagrams are made either with a file or center punch. 
These record both the coil pitch and the lead throw. This 
is an important operation, since wrong lead throw will 
cause sparking and poor operation. Take the coil pitch 
at the same time. If the armature is form wound, several 
coils will have to be lifted. Record the end room by meas¬ 
uring the distance the coils extend beyond the ends of the 
slots. 

Determine the number of coils per slot and kind of wind¬ 
ing, that is, hand, form, loop, right-hand, left-hand, clock¬ 
wise, and so on. Count the number of turns in each coil. 
If this is too difficult, cut the coil and count the cut ends 
of the wires. 

If it is a one-coil-per-slot winding, it may be necessary 
to count all of the turns in a slot and then divide by 2 in 
order to get the number of turns in each coil. If it is a 
two-coil-per-slot winding, divide the total number of turns 
in a slot by 4 to obtain the number of turns per coil. On 
large armatures, preserve one coil in order to have the size 
for the construction of a form for new coils. Determine 
the size of the wire by means of a wire gauge or micrometer. 
Also record the wire covering, such as single-cotton-enamel, 
Formvar, or whatever has been used. Record the kind of 
insulation in the slot. 

Caution: Try not to disturb the laminations. Do not 
break end-fiber insulators. Make sure that all the insula¬ 
tion is removed from the slots. Unsolder the leads from 
the commutator, and if the ends break off at the bars, use 
a hack-saw blade to force the broken particles of copper 
out of the bar. Use a blade that will make a cut in the bar 
no larger in size than the diameter of the new wire. A 
tool for this purpose is shown in Figure 6-47. 
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Usually the wedges are tight in the slots and removal is 
difficult. Place the teeth of a hack-saw blade on the wedge, 
as shown in Figure 6-48, and tap it with a hammer so that 
the teeth are imbedded. The blade is next tapped on the 
end to embed its teeth more deeply in the wedge and at the 
same time to drive the wedge out of the slot. Another 
popular method of stripping is to heat the armature or play 
a torch on it, thereby softening the varnish. The coils are 
removed by cutting one side and pulling the wires from the 
other side. 

Soldering the Commutator 

After reinsulating and rewinding the armature and plac¬ 
ing the leads in the commutator, the next step is to solder 
the leads with either a gas or an electric soldering iron. 
Electric irons are generally used on small armatures and 
gas irons on the large ones. The size of the iron used de¬ 
pends on the size of the commutator. 

The procedure is as follows: Place soldering flux over 
each wire in the commutator bar. (A good type of flux is 
made by pulverizing rosin and adding alcohol to make a 
paste. Commercial soldering paste can be used if it is 
wiped off with alcohol after soldering.) 

Place the tip of the soldering iron on the commutator, 
as shown in Figure 6-49, and wait until the heat from the 
iron is transferred to the area of the commutator bar that 
is to be soldered. This heat transfer occurs when the paste 
starts bubbling. 

Place solder on the commutator near the iron and allow 
it to melt and flow into the commutator slot before re¬ 
moving the iron. Flow the solder entirely around the leads. 
To prevent the solder from flowing down the back of the 
commutator and causing short circuits, raise one end of the 
armature so the solder flows forward. To prevent the solder 
from flowing from one bar to another, the iron is held as 
shown in Figure 6-50. 
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Banding the Armature 

Bands are used on armatures to hold the commutator 
leads in place. A cord band is used on small armatures 
to prevent the leads from flying out of the slots while the 
armature is rotating. Large armatures have steel bands 
for the same purpose. Large armatures having open-type 
slots use steel bands to prevent the coils from flying out 
of the slots. 

Cord Bands. The procedure for placing a cord band on 
an armature is shown in Figure 6-51, and the following 
directions should be observed: Use the proper size of band¬ 
ing cord; heavy for larger armatures, light for small arma¬ 
tures. Start at the end nearest the commutator and wind 
several turns in layers, allowing about 6 in. of the begin¬ 
ning to be free. After winding several turns, loop the start 
as shown at 3 on the diagram, and wind several more turns 
over the loop. Bring the end of the cord band through the 
loop and then pull on the free end. This will pull the end 
under the cord band and secure it there, at which point the 
cord can be cut off. Use enough pressure in winding so 
that the band will be tight. 

Steel Bands. Some open-slot types of armature require 
steel bands to prevent the coils from flying out of the slots 
while the armature is rotating. Steel bands are placed on 
the front and back ends of the coils. These bands are put 
on the armature in a different manner than cord bands. 
The procedure is illustrated in Figure 6-52 and is as fol¬ 
lows: Place the armature in a lathe and place mica or 
paper insulation in the band slot around the entire arma¬ 
ture to insulate the band from the coil sides. Hold the 
insulation in place by tying a turn of cord around it. Place 
small strips of tin or copper under the cord, equidistant 
around the armature, in order to secure the band after it 
is wound. Use the same gauge steel band wire as on the 
original band. 

Steel bands must be put on the armature with much more 
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pressure than is needed for cord bands. It is therefore 
necessary to utilize a device called a wire clamp to provide 
the required pressure. This device consists of two pieces 
of fiber fastened together by means of two screws and two 
wing nuts. The steel-band wire is fed through this clamp 
to the armature. Secure the clamp to a lathe or bench 
so that it can be held stationary while the armature is being 
banded. Feed the wire to the armature through the clamp 
while slowly turning the armature. Take care not to put 
too much pressure on the wire; otherwise it will break. 
After one band is placed on the coil, turn the copper or tin 
strips over and solder the entire band. Proceed to the next 
band. 

Testing the New Winding 

After the rewinding and connections are completed, it 
is important that both winding and connections be tested 
for shorts, grounds, open circuits, and correctness of con¬ 
nections. This must be done before varnishing the wind¬ 
ing so that any troubles that are found may be corrected 
more readily. Detailed instructions for making these tests 
will be found later in the chapter under Troubleshooting 
and Repairs. 

Baking and Varnishing 

After the armature has been wound, soldered, banded, 
and tested, the next operation is varnishing. This process 
makes it moistureproof and prevents vibration of the coils 
of wire in the slots. Vibration has a tendency to impair 
the insulation on the wires and cause shorts. Moisture 
also will cause the insulation on the wires to deteriorate. 

Armatures may be varnished with either air-drying var¬ 
nish or baking varnish. Air-drying varnish is applied to 
the armature when baking is undesirable or inconvenient. 
It is not as effective as baking varnish because of the 
moisture that is eliminated only by baking. 

When using baking varnish, place the armature in a 
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baking oven at a temperature of 250 degrees Fahrenheit 
for about three hours to remove all moisture and allow the 
baking varnish to run. Remove the armature from the oven 
and dip it into the varnish, allowing it to drip for % hour. 
Tape the shaft and commutator to prevent the varnish from 
adhering; otherwise, scraping will be necessary after the 
varnish hardens. Place the armature back in the oven at 
the same temperature for three more hours. When the 
varnish has hardened, the commutator may be turned down 
in the lathe. 


TROUBLESHOOTING AND REPAIR 

Testing 

Before attempting to wind the armature, the usual pro¬ 
cedure is to test the commutator. This is done to facilitate 
repairs in case the commutator is defective. The commu¬ 
tator is tested for grounded bars and shorted bars. 

Test for Grounded Commutator. A commutator is 
grounded when one or more bars contact the iron core of 
the commutator. Use the test leads and lamp connected 
as shown in Figure 6-53. Attach one test lead permanently 
to the shaft of the armature and the other test lead to a 
commutator bar. If the bar is properly insulated, the 
lamp will not light. There should be no sparking or arcing 
between the bar and the ground. Place a test lead on the 
next bar and test in the same manner as before, contin¬ 
uing until all bars are tested. If the lamp lights when 
a bar is touched, a ground is indicated. 

Test for Shorted Commutator. The test illustrated in 
Figure 6-54 is made to reveal defects in the mica between 
bars. Place one test lead on a commutator bar and the 
other test lead on an adjacent bar. No light should be 
visible on the test lamp. If a light is observed a short 
exists between the bars contacted by the test leads. Move 
each lead one bar over, and test as before. Continue in this 
manner until all bars have been tested. 

Testing the Winding. After an armature is wound and 
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the leads connected to the commutator, tests should be 
made in order to reveal defects that may have occurred 
during winding. These tests are to determine grounds, 
shorts, opens, and reverses in the windings and are made 
by using either a growler or millivolt-meter. 

Test for Grounds. Visual Inspection. After rewinding 
an armature, the first step is to determine whether or not 
the winding is grounded. A simple test lamp is all that 
is necessary. This can be done as shown in Figure 6-55, 
before the leads are connected to the commutator. If the 
test is to be made on an armature whose coils are con¬ 
nected to the commutator, the test circuit becomes that of 
Figure 6-56. If the lamp lights and the coils are not con¬ 
nected to the commutator, a grounded winding is indicated 
and the condition should be remedied before further tests 
are made. The exact position of the ground must be found 
in order to remove the cause. The winding usually grounds 
at the corners of the slots, where there is a sharp bend in 
the coil, or inside the slots, if there are sharp laminations 
out of place. If the coils are connected to the armature 
and the lamp lights, either the armature winding or the 
commutator may be grounded. 

The procedure for locating the ground is as follows: 

Inspect the coils at the slot ends and notice if the slot 
insulation has shifted and caused the coils to touch the 
iron core, as shown in Figure 6-57. In a new winding the 
insulation may be shifted back to position. However, if 
this cannot be done, a new piece of insulation should be 
inserted at the bad spot. If the ground cannot be located 
by inspection, the growler or meter test should be made. 

Bar-to-bar Meter Test. The circuit of Figure 6-58 is 
used with a low-voltage source of direct current, such as 
a battery or 110-volt line, with one or several lamps in 
series with it, as shown in Figure 6-59. Tie several turns 
of cord around the commutator and put the test leads 
under the cord as shown in Figure 6-60. Place one lead 
of a d-c millivoltmeter on the shaft and the other lead on 
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a commutator bar. The meter needle should deflect if there 
is a ground. Move the meter lead from one bar to an¬ 
other until the meter shows little or no deflection. The 
coil connected to this bar is the grounded one. Figures 6-61 
and 6-62 show schematic diagrams of this test circuit. 

Caution: On a two-pole motor, the current leads may 
be placed on opposite sides of the commutator or any frac¬ 
tion thereof. Meter readings are taken on bars between 
these leads. On a four-pole motor, the leads should span 
one-fourth the number of bars; on a six-pole motor they 
should span one-sixth the number of bars; and so on. Allow 
only enough current to flow through the armature to per¬ 
mit a deflection of approximately three-fourths of full scale. 
This is accomplished by varying the number of lamps 
switched into the circuit or the battery voltage used. 

A Growler Test. A growler, shown in Figilre 6-63, is 
a device that is used to detect and locate grounded, shorted, 
and open coils in an armature. It consists of a coil of wire 
wound around an iron core and is connected to a 110-volt 
a-c line. The core is generally H-shaped and cut out on 
top so that the armature will fit on it, as shown in Figure 
6-64. When alternating current is applied to the growler 
coil, voltage will be induced into the armature coils by 
transformer action. 

The procedure for testing an armature for grounds by 
using the growler is as follows: 

Place the armature on the growler and turn on the cur¬ 
rent. Place one lead of an a-c millivoltmeter on the top 
commutator bar. Place the other meter lead on the shaft, 
as shown in Figure 6-65. If a reading is noticed on the 
meter, turn the armature so that the next commutator bar 
is on top, and test as before. Continue in this manner 
until a bar is reached that gives no deflection, thus indi¬ 
cating that the grounded coil is connected to this bar. 

The Trial Test. A grounded coil may be located with¬ 
out using either the growler or the bar-to-bar test. For 
lap windings the method is as follows: Disconnect two 
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leads from commutator bars on opposite sides of the com¬ 
mutator and separate them, as shown in Figure 6-66. Use 
a test lamp and determine which half of the winding is 
grounded. This is done by touching one test lead to the 
shaft and the other to the disconnected leads. Whichever 
causes the lamp to light is the grounded side of the wind¬ 
ing, and the other half is eliminated. 

Disconnect one commutator lead from approximately the 
center of the grounded side of the armature, as shown in 
Figure 6-67, and test as before. This procedure imme¬ 
diately eliminates three-fourths of the winding. Continue 
in this manner until the grounded coil is located by the 
process of elimination. 

Repair of a Grounded Coil. After the grounded coil 
has been located, it becomes necessary to determine its 
cause and to repair it if posible. The usual cause is a 
breakdown in slot insulation or a lamination pressing into 
the coil at some point. If the source of trouble is visible, 
it may be possible to remedy the trouble quickly by insert¬ 
ing new insulation where needed or properly positioning 
the lamination. If the trouble is not visible, it is necessary 
to rewind and reinsulate part or all of the winding or to 
eliminate the offending coil from the circuit. The first 
method is used if the entire winding is desired in the cir¬ 
cuit. Other factors, such as time, expense, type of shop, 
will determine the use of the second method. 

The second method involves the following steps: Discon¬ 
nect each lead of the grounded coil from the two commu¬ 
tator bars. Connect a jumper between these bars to short 
them. Figures 6-68 and 6-69 show how to remove a loop- 
wound coil from the circuit. Figures 6-70 and 6-71 show, 
respectively how to remove a lap and a wave coil from the 
circuit. 

Although this procedure allows the grounded coil to re¬ 
main in the armature, it results in electrical removal of the 
coil from the armature circuit. The disconnected coil leads 
are taped and allowed to remain in their original position 
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without touching the commutator. If the coil is grounded 
in two places, cut it through to prevent induced currents. 
To determine whether or not there is a double ground, 
place the armature on a growler and test for shorts. 

Tests for Shorted Coils. Growler Test. Shorted coils 
in a new winding usually can be attributed to carelessness 
and excessive pounding on the coils, especially if a tight 
winding is made. These shorts occur when two turns of 
one coil make electrical contact ; when one coil makes elec¬ 
trical contact with an adjacent coil; and when coil sides in 
the same slot are shorted (short on the half). 

The procedure to test for short circuits in an armature 
follows: Place the armature on the growler and turn on the 
current. Hold a thin piece of metal, such as a hack-saw 
blade, over the top slot of the armature, as shown in Figure 
6-72. The blade should be held so that it is directly over 
the slot and along the length of it. If the coil in this slot 
is shorted, the blade will vibrate rapidly and create a growl¬ 
ing noise. If the blade remains stationary, it is an indica¬ 
tion that no short exists in the coil under test. After several 
top slots have been given the hack-saw blade test, turn the 
armature so that the next few slots are on top. Test as 
before and continue this procedure for the entire armature. 

If the armature is very large, the growler can be placed 
on top of it and tested in the same manner as before. Some 
shops have the growler mounted sideways, with provision 
to move it up or down. The armature in this case is 
mounted on horses adjacent to the growler during test. 

An armature having cross connections or equalizers can¬ 
not be given the hack-saw blade test. This type of arma¬ 
ture will cause the blade to vibrate at every slot, which 
would seem to indicate that possibly every coil is shorted. 
This is not the case, however, and it will be necessary to 
give this type of armature a meter test. 

A shorted coil on either a lap- or wave-wound armature 
will cause the blade to vibrate over two slots, thus identi- 
fying the slots in which the shorted coil slides are located. 
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These slots should be marked with a piece of chalk. If 
vibration occurs over more than two slots, the possibility 
exists that more than one coil is shorted. On a four-pole 
wave winding, the blade will vibrate at four spots if the 
short is between two adjacent bars. On a six-pole wave 
winding, there will be six points at which the blade will 
vibrate. 

On a lap or wave winding, it is a simple matter to trace 
the leads of the defective coil and see where they are con¬ 
nected to the commutator. In the case of the wave winding 
it is a little more difficult, and therefore a meter will have 
to be used for tracing. This is especially true if two com¬ 
mutator bars are shorted. 

To determine the exact position of the leads on the com¬ 
mutator, place the armature on the growler. Use an a-c 
millivoltmeter and test between adjacent bars. Where a 
lower than normal reading is indicated on the meter, a 
short exists. 

Bar-to-bar Meter Test. This method of finding the 
shorted coil is more satisfactory and reliable than the 
growler-meter test and is used in preference to it. Direc¬ 
tions are as follows: Place the armature on horses and 
connect a source of direct current to the commutator, using 
the circuit of Figure 6-73. Place the leads of a d-c milli¬ 
voltmeter on adjacent bars, beginning at bars 1 and 2, and 
permit enough current to flow through the armature to give 
about three-fourths of full-scale deflection on the meter. 
If the coil connected to these bars is in good condition, a 
normal deflection will be observed on the meter. Move the 
leads of the meter to the next two bars —2 and 3 —and ob¬ 
serve the reading. The meter needle should deflect the 
same amount as before. If the reading is less or zero, a 
shorted condition exists in the coil connected to these bars. 

4 

Caution: A slightly lower reading will result if a coil 
has less wire than others. In the loop winding and other 
windings that are put in the slots as a unit, the meter read¬ 
ings will be slightly different, as readings are taken around 
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the commutator. The reason for this is that the coils be¬ 
come larger as they are put one on top of the other. To 
determine if the lower reading indicates a short, place the 
armature on the growler and test it for shorts. If it tests 
perfectly on the growler, then the lower reading means 
less wire or a shorter coil. On a four-pole wave winding, 
a shorted coil will be indicated by approximately one-half 
the normal reading and will be revealed on opposite sides 
of the commutator. 

Eliminating a Shorted Armature Coil. If there are more 
than one or two shorted coils on an armature that has seen 
many years of service, the best procedure is to rewind the 
armature. This is advisable because the armature coils 
have probably been heated to such a degree that the insu¬ 
lation is brittle and charred, and handling on the bench 
would cause more shorts. If one or two coils are shorted 
and the rest of the armature seems in good condition, these 
coils can probably be cut out of the circuit without seri¬ 
ously impairing the efficiency of the motor. The method 
employed for cutting out shorted coils depends on the type 
of armature. 

Cutting a Shorted Coil Out of a Loop-wound Armature . 
Assuming that the shorted coil has been located, the next 
step is to cut the turns of the coil at the end of the arma¬ 
ture opposite the commutator. Be sure that every turn in 
the coil is cut to prevent induced currents from circulating 
in the shorted coil and causing damage to other coils. 

Cutting the coil will cause an open circuit in the wind¬ 
ing. Since the bars that connect to the defective coil are 
known, the open can be repaired by connecting these bars 
together with a jumper. Figures 6-74, 6-75, and 6-76 show 
the circuits formed by this method for a loop, a lap, and 
a wave winding. Figure 6-77 is another view of Figure 
6-76. 

Another method of cutting out a coil consists of cutting 
the coil, as was just shown, and twisting together the turns 
of first one side and then the other. Make sure that the 
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wires do not have any insulation on them before they are 
twisted. With this procedure it is not necessary to put a 
jumper on the commutator, nor is it necessary to touch 
the commutator for any reason. 

These methods of cutting out coils are not strongly rec¬ 
ommended because the coil may be located on the bottom 
of the slot and therefore very difficult to reach for cutting 
purposes. In addition, damage may be done to other coils 
in the process of cutting out the defective one. 

Therefore, such methods are suggested only for extreme 
conditions when the time element or the need for a tem¬ 
porary repair makes them useful. 

Cutting Out a Shorted Coil on a Medium-sized Lap 
Winding. On this type of armature it may be possible to 
reach the coil that must be cut, but it may be impossible 
to cut out only the defective coil. The procedure is exactly 
the same as in the case of the loop winding shown in Figure 
6-74. In all these cutting operations, experience determines 
the proper procedure to be used. A beginner will have 
trouble in handling this assignment, but very little time 
will be required by an experienced man. 

Cutting Out a Shorted Coil on a Wave-wound Arma¬ 
ture. In a four-pole, wave-wound armature the leads of 
any coil are connected approximately on opposite sides 
of the commutator. Therefore, if a shorted coil is cut open 
it will be necessary to place a jumper between the two 
bars that were joined to the defective coil. This means 
that a jumper must be placed in bars on opposite sides of 
the commutator, as shown in Figures 6-76 and 6-77. 

When a four-pole, wave-wound armature is given a bar- 
to-bar meter test, a shorted coil will be indicated on the 
meter on opposite sides of the commutator. This does not 
mean that two coils are shorted, but that the defective coil 
is in the circuit twice, since in a four-pole wave winding 
the current flows through two coils in series before reaching 
an adjacent bar. 

Test jor Open Circuits. Open circuits in an armature 
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may be caused by a poor connection of leads in the com¬ 
mutator bars or by a broken wire in an armature coil. In 
either case, such a condition will cause sparking at the 
brushes. Poor connections and broken wires can often be 
detected visually. When this is not possible, other means 
must be used to locate the open. 

Bar-to-bar Test. Set up the armature and test with 
the millivoltmeter across bars, as shown in Figure 6-78. 
No readings will be indicated on the meter until the meter 
leads are bridging the two bars to which the open coil is 
connected. At this point the meter needle will jump vio¬ 
lently, and precautions must be taken to prevent it from 
bending or breaking. 

Repair of an Open Coil of a Lap Winding The 
method of repair of an open coil depends to a great extent 
on the time allotted for the repair, the type of armature 
that is being repaired, and the kind of work in which the 
particular shop specializes. Of course, if one or more coils 
are open, the proper procedure is replacement. Usually 
rewinding of the armature is necessary. The next-best 
method is to jump the two commutator bars that test open 
by soldering a piece of wire into the slots of the two bars. 
The circuit formed is shown in Figure 6-79. This is the 
only method that can be used in many cases. Another way 
of jumping two adjacent bars is to scrape away some mica 
between them and wedge a piece of wire in the slot. The 
wire is then soldered to the bars. 

Repairing an Open Coil of a Wave Winding. When a 
wave winding is tested with the meter, the procedure is the 
same as that used for the lap winding. Since each coil on a 
four-pole, wave-wound armature is connected to bars on 
opposite sides of the commutator, an open coil is jumped, 
as illustrated in Figure 6-80. A method which requires 
less effort and time, but which necessitates the removal of 
two coils instead of one, is often satisfactory. The pro¬ 
cedure, shown in Figure 6-81, is to jump the two adjacent 
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bars that test open. This does away with the long jumper 
from one side of the commutator to the other. 

Growler Test for an Open Coil. To locate an open 
coil with a growler, set up the armature on the growler 
in the usual manner. Test the top two adjacent bars with 
an a-c millivoltmeter. Rotate the armature and continue 
testing adjacent bars. When the millivoltmeter bridges the 
two bars connected to the open coil, the meter pointed will 
not be deflected. All other bars will give a deflection. 
This test for an open coil can be made without the meter 
by shorting the top two bars with a piece of wire as shown 
in Figure 6-82. Absence of a spark indicates that the coil 
is open. The open may be either at the commutator bar 
or in the coil itself. This procedure may be used to deter¬ 
mine the location of the leads of a shorted coil. However, 
the hack-saw-blade test is the most satisfactory method of 
determining a shorted coil. 

Test for Reversed Coils . Reversed coils occur only on 
armatures that have been newly rewound, and result from 
placing the leads in the wrong commutator bars. The 
method of locating the reverses differs with the various 
types of windings. 

Bar-to-bar Test in a Loop Winding. Set up the arma¬ 
ture for a bar-to-bar test. When the meter leads are placed 
on the two bars which connect to a reversed coil, as shown 
in Figure 6-83 a reversed reading will be indicated on the 
meter. When the meter is placed on the two bars in front 
of the reversed coil and the two bars behind the reversed 
coil, double readings will show up. As Figure 6-84 illus¬ 
trates, if two loops are reversed in a loop winding, a double 
reading is obtained; next a reversed reading; and then a 
second double reading. All others should be normal. 

Bar-magnet Test. To check for a reversed coil on other 
than loop windings, a bar magnet is moved over each slot, 
inducing current in the coil lying in that slot. If a meter 
is connected to the two bars of that coil, as shown in Figure 
6-85, the pointer will move. If there is a reversed coil on 
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the armature, the induced current will flow through the 
meter in the opposite direction, and cause a reversed 
reading. 

Another method is shown in Figure 6-86. If direct cur¬ 
rent is passed through the winding and a compass is held 
alongside each coil in succession, the compass needle will 
reverse when the compass reaches the reversed coil. 

Commutator Repairs 

The various parts of a commutator are shown in Figure 
6-87. They include a number of commutator bars, an equal 
number of mica segments, and an iron core consisting of 
two end rings and a connecting shell on which the bars and 
mica segments are placed. 

The commutator bars are made of high-grade copper 
and are shaped as shown in Figure 6-88. They are wedge- 
shaped, the larger width being on top. Toward the bot¬ 
tom, the bars are partly cut out on both sides in the shape 
of a V. Rings fit these V cuts to hold the commutator 
together. Individual commutator bars are seldom replaced 
because the job would be impracticable. 

Mica segments are used between bars to prevent adjacent 
bars from touching, and it is very often necessary to re¬ 
place them. The segments are cut from sheet mica of the 
proper thickness and are placed between the bars. When 
these are replaced, the segments must be the same thick¬ 
ness as the original mica; otherwise the commutator will 
be either too loose or too tight. 

The end rings are made of iron and are called V rings. 
These are insulated with mica which are called mica V 
rings. The rings fit into the V cuts on the commutator and 
hold all the bars together. On one type of commutator the 
V rings are tightened against the bars by means of a large 
nut that screws on the shell. The nut may be on either 
end of the commutator. Details of commutator construc¬ 
tion are shown in Figure 6-87 to 6-93. Some commutators 
are tightened by means of large screws that extend from 
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one ring to another. Still other types of commutators are 
riveted together and cannot be reinsulated. 

When a commutator is disassembled, the holding nut is 
unscrewed and the bars are tapped lightly with a hammer. 
This will cause the front V ring to come off the shell; at 
the same time the bars will loosen and separate. Usually 
the mica segments will stick to the bars, and it will be 
necessary to loosen them with a knife. Small particles of 
mica may have to be scraped from the bars, although this 
may cause rough spots. If so, a medium grade of sandpaper 
is used to smooth the sides of the bars. One complete mica 
segment must be preserved in order that its thickness can be 
measured with a micrometer. A segment of mica is usually 
from 0.020 to 0.040 in. thick. The mica comes in sheets 
about 2 ft. wide by 3 ft. long and is called segment mica. 
The mica end rings must also be saved so that they can be 
measured for thickness and used as templates for new mica 
rings. 

Cutting New Mica Segments. After the thickness of the 
mica has been determined, cut the required number of 
segments by placing a commutator bar on a sheet of mica 
and marking off rectangular strips, as shown in Figure 
6-94. This may also be done by measuring the length and 
width of one bar and then laying off these measurements 
on the sheet of mica. As a safety measure, it is best to 
make the dimensions about in. more than the actual 
measurements. Next cut off the strips with a paper cutter 
or shears. 

To cut the V’s in the mica segments, proceed as shown 
in Figure 6-95. Place about six strips of mica between 
two bars, and place the combination in a vise, being careful 
to line up both bars so that they lie in similar positions. 
Use a hack saw and cut out the mica along the dotted lines 
as shown in the illustration. Do not let the hack-saw blade 
touch the bars because it will cut too deeply into the mica 
and at the same time weaken the bars. Reverse the posi¬ 
tion of the bars and micas in the vise and cut out the other 
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half. Do not disturb the position of the bars and strips 
in turning them. 

The hack-saw blade will leave a rough edge on the mica. 
Smooth this with a knife file while the bars and strips are 
still in the vise. The mica should be filed down to the same 
level as the V’s in the bars as shown in Figure 6-96; other¬ 
wise, the commutator will not tighten sufficiently. Remove 
the segments and bars, and place each mica segment face 
down on a piece of fine sandpaper and rub it lightly to 
remove any remaining rough edges. Repeat this process 
with the bars. This is just one method of cutting mica 
segments. Some mechanics cut one segment at a time with 
shears. The method depends on the individual. 

Making New Mica V Rings. Besides making new mica 
segments it may also be necessary to renew the mica V 
rings. The old rings may be used as a template for this 
purpose, or the iron V ring may be used. 

In the first method, as much of the old mica ring as 
possible must be preserved. If the commutator has never 
been reinsulated, the ring will be in one piece. The V ring 
is actually two separate rings, an outer and an inner ring, 
that fit together as shown in Figure 6-97. To duplicate 
this ring, it is necessary to use a moulding machine and 
press. Since this equipment is not usually available in the 
average repair shop, the outer and inner rings are made 
separately. 

The method for making mica rings is as follows: Cut the 
original V ring along the line indicated in Figure 6-97, 
thereby separating the inner from the outer ring. Assume 
that the inner V ring is to be made. Cut the old ring, and 
then heat it over a gas flame or with a torch to soften it and 
prevent it from cracking. (Do not apply the flame directly 
to the mica.) The ring can then be laid flat and will assume 
a shape like that shown in Figure 6-98. 

The flattened V ring is placed on a piece of moulding 
mica, and several outlines of it are inscribed. These are 
then cut from the moulding mica with a pair of shears. It 
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may be necessary to apply heat to the mica during this 
operation to prevent it from peeling and cracking. (Mould¬ 
ing mica that requires no heat is also available.) Heat the 
mica very gently and then mould with the fingers to fit 
the iron V ring. Make the thickness of the ring the same 
as the original. Several pieces of mica may have to be 
used to make up the required thickness. The same pro¬ 
cedure is followed in making the outer ring. 

A second method is to use the iron V ring as a template. 
Assuming that the outer mica ring is to be made, place a 
clean piece of paper over the ring and press on the paper, 
as shown in Figure 6-99, to form an outline whose dimen¬ 
sions will provide the size of the mica strip to be moulded. 

A third method involves the use of a formula. Figure 
6-100 shows that a cut-apart V ring is the top portion of 
a cone. A simple procedure in laying out a V ring is to 
find the size of the cone which will contain the ring. 

Make a diagram like that in Figure 6-100, showing a cone 
with the shaded part representing the ring. If the cone is 
cut through as indicated by the line and rolled flat, a sector 
of a ring will be found. If the distances x and y are deter¬ 
mined and circles inscribed using these distances as radii, 
then the problem can be solved. 

The procedure for finding these distances follows: Meas¬ 
ure the distances A and B shown in Figure 6-101 on the iron 
V ring with a ruler. The cone can also be resolved into 
two triangles, R and S, which are alike except for size. A 
simple formula can be obtained from this relationship. 

In two similar triangles, 

— of triangle R = — of triangle S 
x c 


or 


a 

x 
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Using the distance x as a radius, draw a circle. Lay out 
another circle inside this one using the distance y equal to 
x-c as the radius. The ring formed by these two circles will 
represent the layout of the V ring. 

Reassembling a Commutator. After the rings are made 
and the mica segments cut, the next step is to assemble the 
commutator. This is done in the following manner: Place 
the mica rings in position on the iron V ring and apply heat 
to mould them to fit. Put a bar in position on the V ring. 
Alongside the bar place a mica segment, then a bar next 
to the segment and so on. Make certain that there is a 
mica segment between every two bars. Be careful that the 
mica rings stay in position while the assembly is taking 
place. After all the bars and mica segments have been put 
together, place the top V ring in position and tighten the 
nut or through bolts. The tightening operation is per¬ 
formed while the commutator is being heated with a torch, 
bunsen burner, or other source of heat. 

The commutator must be tight and all bars aligned when 
the job is completed. If the bars are not in alignment, the 
commutator will have to be loosened and the bars twisted 
to the proper position. Some shops have clamps that are 
placed around the commutator while it is being tightened. 

After the assembly, the commutator is given a ground 
and short test. To determine if the commutator is tight 
enough, tap the bars with a light hammer. A properly as¬ 
sembled commutator will produce a ringing sound, while 
a loose commutator will cause a hollow sound. 

Shorted Bars. If shorted bars occur in a newly insulated 
commutator that has not yet been connected to the coils, 
it is a simple matter to reinsulate between the bars. How¬ 
ever, if they are connected to the winding, it will be more 
difficult. When a shorted armature comes into the shop, 
determine whether or not the short is in the winding or in 
the commutator by lifting the leads from the suspected bars. 
These bars are then tested with test lamps to see if they 
are shorted. 
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The usual procedure is to assume that there is a partial 
short due to carbonized mica or dirt between bars. To 
eliminate this possibility, grind down a hack-saw blade on 
the grindstone so that it has a hook end, as shown in Figure 
6-102, and scrape away some of the mica. Sometimes it 
may be necessary to scrape rather deeply into the mica to 
remove the short. Carbonized mica is black and gritty, 
while good mica is white when scraped. Scrape the mica 
until the white mica can be seen. If this operation removes 
the short, then the hole which was made by the scraping 
must be plugged. This is accomplished by inserting a filler 
called commutator cement, which consists of powder made 
of pulverized mica and glue mixed to produce a paste. This 
filler is forced between the bars with a knife or blade and 
allowed to harden. 

If a hole has been gouged in the mica, plug it with a new 
piece of mica and cover this with cement. This cement is 
a conductor while it is still wet and should not be disturbed 
until it dries thoroughly. 

Reinsulating a Shorted Commutator While It Is 
Connected to the Winding. If the short cannot be elimi¬ 
nated by scraping, remove several bars and put new mica 
segments in place. This is done in the following manner 
on a commutator that can be taken apart from the front 
end: 

Unsolder the leads from the shorted bars. Unscrew the 
nut that holds the commutator together. Tap the bars 
lightly with a hammer to loosen the end ring and several 
bars. Remove the end ring and pull out the shorted bars 
with a pair of pliers, as shown in Figure 6-103. Use these 
bars to cut out a new mica segment. Replace the new mica 
and bars and reassemble. 

If there is only one short and the commutator opens at 
the rear, an easy repair is to lift the leads from one bar 
and make sure they are soldered together and taped so that 
they cannot touch the commutator. Jump the two shorted 
bars. The circuit of this operation is shown in Figure 6-104. 
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For other types of commutators, removal of the entire com¬ 
mutator from the shaft may be necessary. 

Grounded Bars. Usually the ground takes place at the 
front mica ring. This occurs because part of the front ring 
is exposed, allowing oil, grit, or dirt to accumulate on it. 
The ground is easily detected since usually a large hole will 
have developed and part of the mica ring will have been 
burned away at the grounded spot. The best way to clear 
this is to remove the front ring, cut off the defective part of 
the mica ring, and replace it as indicated in Figure 6-105. 
New mica segments may have to be installed at the same 
time. Make sure that the mica pieces overlap one another 
to prevent the possibility of a recurrence of the ground. If 
the commutator does not open at the front, it is removed 
by placing the armature in a mandrel or hydraulic press 
and pressed out. When it is impossible to remove the com¬ 
mutator without harming the winding, the old commutator 
is turned down completely in the lathe. Commutator meas¬ 
urements must be recorded beforehand so that a new com¬ 
mutator can be built. This is often done on smaller arma¬ 
tures. When the new commutator is constructed, it is 
desirable to put a cord band on the front mica ring and 
paint it with a good grade of insulating varnish or shellac. 
To a large extent, this will keep oil and dirt from penetrat¬ 
ing under the bars and causing shorts and grounds. 

High Bars. High bars such as shown in Figure 6-106, can 
be found by running the fingers over the bars. This condi¬ 
tion is caused by loosening of the commutator due to exces¬ 
sive heat, shorted bars, poor assembly, and so on. To 
remedy this condition, tap the bar lightly with a hammer 
until it assumes the correct position, and then tighten the 
nut. Turn down the commutator in a lathe, or stone it if 
it is in a motor. 

Commutator Stones. Commutator stones, made in vari¬ 
ous grades of coarseness, are used to smooth a rough com¬ 
mutator. The coarser grades are used on very rough com¬ 
mutators and the finer grades for finishing purposes and on 
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commutators that are not extremely rough. For high com¬ 
mutator bars a medium grade should be used. While the 
armature is turning, the stone is held in the hand and 
pressed against the commutator until a smooth surface is 
formed. Then a fine grade of sandpaper is held against the 
commutator to finish the job. 

Low Bars. A low bar, as shown in Figure 6-107, is also 
recognized by running the fingers over the commutator. 
This condition may be caused by a blow from some heavy 
object. The remedy is the same as before: turn down in a 
lathe, stone, and then sandpaper the commutator. 

High Mica. If the mica segments are higher than the ad¬ 
joining commutator bars, a condition called high mica exists. 
This condition may be due to the fact that the commutator 
bars are wearing faster than the mica segments and may be 
caused by the use of improper carbon brushes. Where the 
mica is flush with the bars, a hard grade of brush should be 
used so that it will wear away the mica at the same rate as 
the bar. 

The remedy for this condition is to undercut the mica 
so that it is below the surface of the bars. This operation 
can be performed by using a machine consisting of a small 
electric motor with a small saw wheel attached. While the 
armature is in a lathe, a cut is taken on each mica segment 
so that it is about %2 in. below the surface of the bar. The 
saw wheel must be the same thickness as the mica. Under¬ 
cutting can also be done by utilizing a small file especially 
made for the purpose. Care must be taken to ensure that 
none of the mica is left on the sides of the bars, as shown 
at the right of Figure 6-108. If there is mica at the sides, 
it can easily be removed by cutting it away with a ground- 
down hack-saw blade. 
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Direct-current Motors 


A d-c motor is a machine which, when supplied with elec¬ 
tric current, can be used for such mechanical work as driv¬ 
ing pumps, running machine tools, and so on. Direct-cur¬ 
rent motors are also widely used in applications that require 
control of speed. Most trolleys, electric railways, and eleva¬ 
tors are driven by d-c motors for this reason. They are 
made in sizes varying from Moo hp. to thousands of horse¬ 
power. A typical d-c motor is shown in Figure 7-1. 

CONSTRUCTION 

The main parts of the d-c motor are the armature, field 
poles and frame, end plates or brackets, and brush rigging. 
The armature is the rotating part of the motor and consists 
of a laminated iron core with slots in which coils of wire 
are placed. The core is pressed on a steel shaft that also 
holds the commutator. This latter conducts current from 
carbon brushes to the coils in the slots. Figure 7-2 shows 
an armature with straight slots and Figure 7-3 shows skewed 
slots. 

The frame of the d-c motor is usually made of cast or 
wrought iron, generally circular in form and machined so 
that the field pole can be mounted inside it, as shown in 
Figure 7-4. Many motors are also made with a laminated 
iron frame. The field pole is usually fastened inside the 
frame with screws or bolts, but on some small motors the 
field poles are cast with the frame. On large motors, the 
poles are laminated as shown in Figure 7-5 and bolted to 
the frame. The field pole holds the field coils or windings. 
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These consist of coils of insulated wire that are taped be¬ 
fore being placed on the field pole. 

Two end plates, fastened to the frame with bolts, bear 
the weight of the armature and keep it equidistant from the 
pole pieces (see Figure 7-6). The end plates contain the 
bearings in which the shaft of the armature revolves. These 
may be either sleeve bearings, as shown in Figures 7-7 and 
7-8, or ball bearings, as shown in Figure 7-9. 

On all d-c motors, current must be conducted to the arma¬ 
ture winding. This is accomplished by connecting leads 
from the winding to the commutator, and in turn feeding 
the commutator with current. The commutator can be 
supplied with current by allowing carbon brushes to ride on 
it and contact it while it is turning. The brushes are held 
in a stationary position by brush holders, which are gen¬ 
erally mounted on the brush rigging shown in Figure 7-10. 
The rigging is usually mounted on the front plate and so 
constructed that the brush position may be changed. On 
small motors, the brush holders are usually cast as part of 
the plate. The brush holders on all motors are insulated 
from the end plate to prevent grounds and to prevent short- 
circuiting the brushes. 

CONNECTIONS OF D-C MOTORS 

There are three types of d-c motors; the series motor, the 
shunt motor, and the compound motor. These types are 
alike externally. They differ in the construction of the 
field coils and in the connections between the field coils and 
the armature. The series motor contains field coils com¬ 
posed of a few turns of wire connected in series with the 
armature as shown in Figure 7-11. This motor has high 
starting torque and a variable-speed characteristic. The 
greater the load the lower the speed. The series motor is 
generally used in cranes, winches, trolleys, etc. 

The d-c shunt motor contains a field composed of many 
turns of wire. This is connected in parallel with the arma¬ 
ture, as shown in Figure 7-12. The motor has medium 
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torque and constant-speed characteristic and is used on ap¬ 
plications that require constant speed, such as drill presses, 
lathes, and so on. 

In the compound d-c motor shown in Figure 7-13, each 
field coil is a combination of the series and shunt fields and 
is made in two sections. One section (series field) is con¬ 
nected in series with the armature, and the other section 
(shunt field) is connected in the shunt circuit. This motor 
combines the characteristics of the series and the shunt 
motor. 


CONSTRUCTION OF THE FIELD COILS 

Series field coils are wound with comparatively few turns 
of heavy wire whose diameter depends on the horsepower 
and voltage of the motor. The wire is generally wound on a 
wooden form that consists of a centerpiece the size of the 
coil and two sidepieces to hold the coil in place. The con¬ 
struction of the form is given in Figure 7-14. The center- 
piece is usually slightly tapered to facilitate removal of the 
coil from the form. The proper shape of the coil is retained 
during its removal from the form if strips of tape or cord 
are placed on the centerpiece before the coil is wound. It 
can then be tied up easily after winding as shown in Figure 
7-15. The form is placed in a lathe chuck or coil-winding 
machine and wound with the same number of turns and 
the same size of wire as the original coil. The size of the 
form may be obtained from the original coil or by measur¬ 
ing the dimensions of the core and allowing for the thick¬ 
ness of the tape. Figure 7-16 shows a field after it has been 
taped with a layer of varnished cambric and a layer of cot¬ 
ton tape. 

Shunt fields consist of many turns of fine wire arranged 
as shown in the cutaway view of Figure 7-17. Inasmuch 
as there may be thousands of turns on a shunt-field coil, it 
is inadvisable to try to rewind this type of coil by counting 
the number of turns. The usual method is to weigh the old 
coil and to wind the new coil with the same weight and size 
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of wire. The shunt coils are wound and taped in the same 
manner as the series fields. Figure 7-17 also shows a fin¬ 
ished coil. 

The compound-field coil is a combination of a series field 
and a shunt field, as illustrated in Figure 7-18. The same 
type of form is used for the compound field coils. First, 
the shunt-field portion is wound on the form. This must 
correspond to the original coil in every detail. To form the 
layer of insulation shown in Figure 7-19, several turns of 
varnished cambric are placed around the coil while it is still 
in the form, or the coil is removed and taped with varnished 
cambric. In the latter case, the coil is replaced on the form 
after being taped. Next, the correct number of turns of 
wire for the series coil is wound. The cord on top of the 
insulation or tape is then tied and flexible leads are soldered 
to the coil ends and taped. This is an important operation 
and must be done carefully. Usually the shunt-field leads 
are smaller size of wire than the series-field leads. The coil 
is taped with varnished cambric and then with a layer of 
cotton tape. The completed winding is shown in Figure 
7-20. Figure 7-21 illustrates how a field coil is placed on 
the field core. On large motors, the series field is usually 
wound and taped separately and then placed alongside the 
finished shunt field. This type of construction is shown in 
Figure 7-22. On very large motors rectangular wire is 
used on the series field to conserve space. 

An interpole field is used on many d-c motors to prevent 
sparking at the brushes. This field is smaller than the main 
fields and is attached to the frame between them. Like the 
series field, it is wound on a form, usually fiber, with com¬ 
paratively few turns of heavy wire. Figure 7-23 shows an 
interpole field and its core. The fiber form and coil are 
placed over the interpole core and fastened in position by 
wedges. 

Caution: The shunt field must be properly insulated 
from the series field to prevent short circuits between fields. 
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While taping the field coil, the flexible leads are tied down 
to prevent them from being ripped from the coils. The 
tape on the coil must not tear or rip while it is being placed 
on the core. Grounds may be caused by careless work. 

Connecting Field Poles 

In d-c motors, the field coils are connected so that alter¬ 
nate polarity is formed. Thus, in the two-pole motor of 
Figure 7-24, one of the poles is north and the other south; 
in a four-pole motor, the poles must alternate, as shown in 
Figure 7-25. The field poles are connected in series except 
on very large motors and on motors that have been recon¬ 
nected from higher to lower voltage. 

To form alternate polarity in the field coils, the current 
should flow through the first pole in a clockwise direction, 
through the second pole in a counterclockwise direction, 
through the third clockwise, and so on. It is extremely dif¬ 
ficult to determine this direction if the fields are taped, and 
three methods may be used to obtain correct field-coil 
polarity. These are (1) trial and error, (2) compass, (3) 
use of iron rod or nail. 

The trial-and-error method should be used only on small 
two-pole motors. The field coils are connected as shown at 
A in Figure 7-26 and the motor assembled. If it does not 
rotate, reverse the two wires of one field coil as shown at B, 
and the motor will run. This method assumes that the 
armature and field coils are in good condition. The shunt 
motor can be tested in the same manner. 

The compass method may be used on any number of 
poles. If it is a compound motor, test one field winding at 
a time. For testing the field coils of a four-pole motor, the 
four fields are connected in series, as shown in Figure 7-27. 
Low-voltage direct current is applied to the fields if the 
series fields are being tested; otherwise, 110 volts can be 
used. A compass is placed near a pole on the inside of the 
motor or alongside the field coil as shown in the illustra- 
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tion. A notation is made of which end of the needle points 
to the pole. When the compass is moved to the next pole, 
the other end of the needle should be attracted. If the 
same end of the needle is attracted, reverse the leads of this 
pole. This procedure is followed until all poles have been 
checked. The fields should alternate in polarity. 

The procedure outlined above cannot be followed if the 
armature is in the motor. In this case one end of a piece 
of soft iron is held against the field pole, with the other end 
extending outside the motor. To test for polarity, hold the 
compass against the outside end of the soft iron. Before 
it is touched to the next pole, the soft iron should be 
brought down sharply on the bench to disturb any residual 
magnetism, which might tend to upset the compass needle. 
Continue in this manner until all poles are tested. As be¬ 
fore, alternate polarity should be obtained. 

A third method of testing polarity is to use an iron rod 
or nail. The field coils are connected in series and supplied 
with low-voltage direct current. The head of a nail is 
placed against one pole, as shown in Figure 7-28. If the 
polarities are correct, the other end of the nail is attracted 
to the next pole; if incorrect, it is repelled. 

CONNECTING D-C MOTORS 

Series Motor 

The series motor is connected as shown in Figure 7-29. 
This is a two-pole series motor. The fields are connected in 
series and then in series with the armature. Three diagrams 
are shown to clarify the method of connecting. 

Shunt Motor 

The shunt motor is connected as shown in Figure 7-30. 
The shunt fields are connected in series for alternate polar¬ 
ity and across the line leads. The armature leads are also 
connected to the line so that- the armature and the fields are 
in parallel. 
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Compound Motor 

The compound motor is connected as shown in Figure 
7-31. The shunt fields are connected in series for proper 
polarity and then across the line. The series fields are con¬ 
nected and tested for proper polarity. It is of the utmost 
importance that the polarity of the series field correspond 
to that of the shunt field on the same pole. A method that 
accurately determines this condition will be described later, 
page 199. The armature connection completes the pro¬ 
cedure. 

The motor shown in Figure 7-31 is one of four different 
types of compound motors. Although this connection is 
the one used most often and the one which should be used 
unless otherwise specified, it is essential that the other types 
be familiar to the student. The four types are long-shunt 
cumulative, long-shunt differential, short-shunt cumulative, 
short-shunt differential. 

In a long-shunt cumulative motor, the current flows 
through the series-field and shunt-field coils of a pole in the 
same direction. This is indicated in Figure 7-32. Such a 
motor is said to be cumulatively compounded. When the 
shunt field is connected across the line, it is given the name 
of long shunt. The complete name of the motor shown in 
Figure 7-32 is a long-shunt cumulative motor. 

If the shunt-field connection of a compound motor is re¬ 
versed with respect to the series field, the current will flow 
through it in the opposite direction. This is shown in Fig¬ 
ure 7-33. This produces bucking fields and the motor is 
known as a differentially connected motor. Motors of this 
type are used infrequently and only on special work. 

A long-shunt differential motor is defined as one in which 
the shunt field is connected across the line so that the series 
and the shunt fields have opposite polarity in the same pole. 

When the shunt field of a compound motor is connected 
to the armature terminals instead of across the line, the 
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motor is known as a short-shunt motor. This motor can 
also be either cumulative or differential. 

If the shunt field is connected across the armature so that 
the current flows through it in the same direction as the 
series field, the motor is known as a short-shunt cumulative 
motor. This type is shown in Figure 7-34. 

If the shunt field is connected to the armature so that the 
current flows through it in the opposite direction to the 
current in the series field, the motor is known as a short- 
shunt differential. This type is shown in Figure 7-35. 

Interpoles 

Nearly all shunt and compound motors of % hp. or more 
have auxiliary poles or interpoles located between the main 
poles. These interpoles have one winding of heavy wire 
and are connected in series with the armature, as shown 
in Figure 7-36. The purpose of the interpole is to prevent 
sparking. 

There are usually as many interpoles as main poles, al¬ 
though half as many may be used without causing ineffi¬ 
cient operation. Although the interpoles are connected for 
alternate polarity, just as the main poles, they also have a 
definite polarity with respect to the main poles. The polar¬ 
ity of the interpoles depends on the polarity of the main 
poles and the direction of rotation of the motor. 

Rule for Interpole Polarity. The polarity of an interpole 
in a motor is the same as the main pole back of it. This 
means that if a motor viewed from the commutator end is 
rotating clockwise, the polarity of the interpole must be the 
same as that of the main pole which precedes it in the direc¬ 
tion opposite to rotation. Figures 7-37 to 7-39 show two- 
and four-pole interpole motors connected for clockwise and 
counterclockwise rotation. 

Figure 7-40 shows a schematic diagram of a compound- 
interpole motor. 

A 2-pole, compound-interpole motor connected for coun¬ 
terclockwise rotation is shown in Figure 7-41. The proce- 
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dure for connecting this motor follows: Connect the shunt- 
field coils in series for proper polarity and bring the two lead 
wires out of the motor. Note the polarity of one pole. Per¬ 
form the same operation for the series field coils, and bring 
two wires out. Connect the interpoles in series for alternate 
polarity; then connect them in series with the armature, 
bringing out one interpole lead and one armature lead. Six 
leads have been brought out of the motor, two shunt-field 
leads, two series-field leads, and two armature-interpole 
leads. (Sometimes one shunt-field and one series-field wire 
are connected together inside the motor and one lead from 
the two brought out, making a total of five out of the mo¬ 
tor.) Connect the six leads as shown in Figure 7-41 so that 
a compound motor results. 

Since the motor is to be connected for counterclockwise 
rotation, the interpole polarity should be the same as that 
of the main pole behind it. Therefore, in testing the inter- 
poles for polarity, make sure that not only is alternate polar¬ 
ity formed but that the polarity is correct with respect to 
the main pole. This is the reason for noting the polarity of 
one main field. 

If the motor runs in a clockwise direction, it will be neces¬ 
sary to reverse the direction of rotation. This is done by 
reversing wires x and y shown in Figure 7-42. The polari¬ 
ties of all the fields remain the same. 

REVERSING D-C MOTORS 

Direct-current motors are reversed by changing the di¬ 
rection of current flow through the armature or through 
the field. In series motors the usual procedure is to reverse 
the current through the armature. Figure 7-43 shows this 
method. All that is necessary is to interchange the leads on 
the brush holders. Figure 7-44 shows the series motor re¬ 
versed by changing the current in the field circuit. In this 
case the field leads are interchanged. 

A shunt motor has the direction of rotation changed in 
the same manner as a series motor. Figure 7-45 shows a 
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two-pole shunt motor which is reversed by interchanging 
the armature leads. To reverse a shunt interpole motor, it 
is necessary to reverse the current flow through both the 
armature and the interpoles as a unit. This method is 
shown in Figure 7-46. Reversing the armature leads with¬ 
out the interpole will cause the motor to have incorrect 
interpole polarity, which will make the motor run exces¬ 
sively hot and will produce sparking at the brushes. 

Reversing a Two-pole , Compound-interpole Motor . Fig¬ 
ure 7-47 shows a two-pole, compound-interpole motor with 
six leads brought out of the motor. The interpoles are con¬ 
nected in series with the armature and two wires A x and A<>, 
are brought out from this as a unit. In the diagram, the 
armature is connected between the interpoles. (The inter¬ 
poles are sometimes connected in series and then connected 
to the armature.) To reverse this motor, it is necessary to 
reverse the interpole and armature circuit as a unit. Wires 
At and A* must be reversed as indicated in Figure 7-48. 

Reversing a Four-pole } Compound-interpole Motor, A 
four-pole, compound-interpole motor is reversed in the 
same manner as a two-pole motor. Figure 7-49 shows a 
four-pole motor which is reversed by interchanging leads 
Ai and A,. 

Caution: If the leads at the brush holder are reversed, 
the brushes will spark and the armature will overheat. 
Under these conditions the motor will not operate properly. 
On all interpole motors, the armature circuit (armature and 
interpole) must be reversed as a unit for opposite rotation. 

TROUBLESHOOTING AND REPAIR 

Testing 

A new d-c motor should be tested before it is installed, 
and the same tests can be performed when the condition of 
a motor on the job is being determined and when a repaired 
motor is being given a final check: 

1. Test for grounds in the fields, armature, brush holders. 



196 


ELECTRIC MOTOR REPAIR 


2. Test for opens in the field circuit, in the armature cir¬ 
cuit. 

3. Test to identify the six leads of a compound motor. 

4. Test for cumulative or differential connection. 

5. Test for correct interpole polarity. 

6. Test for correct position of the brush holders. 

1. Ground Test. Before a motor can be given a ground 
test, all external leads must be disconnected from it. This 
applies especially to a motor that is being tested on the job. 
The following procedure applies to a compound motor, but 
any type of d-c motor is tested in the same manner: Use 
a test set with a lamp and place one test lead on the frame 
of the motor; with the other test lead touch each motor 
lead in succession, as shown in Figure 7-50. The test lamp 
should not light. If it does, a ground is indicated. Deter¬ 
mine whether the ground is in the field circuit (the shunt 
or series field) or in the armature circuit. 

If a ground is indicated on the series fields, the interpole, 
or the shunt fields, it will be necessary to remove the fields 
from the frame and reinsulate them with tape. Figure 7-51 
shows positions where grounds are most likely to occur. A 
grounded field coil may be burned and several wires broken, 
necessitating rewinding of the field. A grounded field cir¬ 
cuit does not mean that all the field coils are grounded. 
Usually only one is defective. To locate the defective coil 
the connections between coils are broken and each pole is 
tested alone as shown in Figure 7-52. 

Motors that are permanently installed are required by the 
Underwriters’ Code regulations to have the frame grounded 
to a pipeline that connects to the earth. This is a safety 
measure in case the windings ground. If the frame is not 
grounded, the operator might receive a serious shock when 
touching the motor. With the frame grounded, a fuse will 
burn out and indicate that something is wrong with the 
motor. 

2. Test for Opens. Different tests are used for the series, 
shunt, and compound motors. 
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o. Open Circuits in a Series Motor. On small 
series motors only two wires are brought out of the motor 
for connection to the line. The field and armature connec¬ 
tions are made internally. If the two wires are connected 
to the test leads, as shown in Figure 7-53, the lamp should 
light and indicate a complete circuit. If the lamp does not 
light, the trouble may be caused by (1) brushes not making 
contact with the commutator; (2) a broken wire in the 
field; (3) a broken connection between fields; (4) a wire 
disconnected or broken on the brush holder. The same test 
may be used on large series motors with external leads to 
field and armature. 

b. Open Circuits in a Shunt Motor. There are two 
circuits in a shunt motor, one through the shunt field and 
one through the armature. On small motors the connec¬ 
tions are made internally and only two wires are brought 
out. Therefore, to test such a motor for opens, it must be 
disassembled in order to reach the field and armature wires. 

If the wires are accessible, as indicated in Figure 7-54, 
test each circuit separately. The lamp should light brightly 
when the armature circuit is tested. The shunt field should 
produce a dim light. If it is not known which of the four 
wires are the shunt field and which the armature, they can 
be determined by this test. If the armature circuit shows 
an open, the trouble may be the brushes, the connections 
to the brushes, or the armature windings; if the field tests 
open, then the trouble is either the field coil or its connec¬ 
tions. 

c. Open Circuits in a Compound Motor. For testing 
purposes the compound motor is considered as having three 
circuits, one through the shunt field, one through the series 
field, and one through the armature. Figure 7-55 shows 
six leads brought out of a compound motor, two from the 
shunt field, two from the series field, and two from the 
armature. If the armature leads are tested with the test 
lamp, the lamp should light, indicating a complete circuit. 
The same holds true for the series-field circuit and the 
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shunt-field circuit. Thus, three complete circuits are 
formed. If the open is in the armature circuit, the trouble 
is in the brushes or connections to the brushes or the inter- 
pole. If the trouble is in the series or shunt field, test for a 
complete circuit from one coil to another, as shown in Fig¬ 
ure 7-55. 

The following procedure is used to locate an open field 
coil on the four-pole motor, as illustrated in Figure 7-56. 
This method can be applied to a motor with any number of 
poles. Remove the insulation on connections between field 
coils, and connect a test wire to one field lead. Move the 
other test wire successively from one connection to the next 
until the lamp lights. In Figure 7-56 for example, move the 
test lead from 1 to 2, to 3, and so on, until the lamp lights 
or a spark is obtained. If the lamp lights or the test lead 
sparks at point 2, then coil 1 is open; if the lamp lights at 
point 3 , then coil 2 is defective, and so on. 

3. Test to Identify the Six Leads of a Compound Motor. 
The leads of a compound motor are always marked before 
it is shipped from the factory. Typical markings are shown 
in Figure 7-57. The armature leads are marked A x and A 2 , 
the shunt-field leads F x and and the series-field leads 
S x and S,. If the lead markings have disappeared, it is 
necessary to test the six leads for remarking before the mo¬ 
tor can be properly connected. They can be identified in 
the following manner: 

Use the test lamps, as shown in Figure 7-58, to determine 
the three circuits of the armature, the series field, and the 
shunt field. Three pairs of leads are obtained from the pro¬ 
cedure. One pair of leads will cause the test lamp to light 
dimly. These connect to the shunt field. Both of the re¬ 
maining pairs will cause the lamp to light brightly. 

Remove the carbon brushes and the lamp will not light 
when applied to one pair. These leads connect to the arma¬ 
ture. The remaining pair are the series-field leads. This 
procedure is illustrated in Figure 7-58. 

This is but one way of identifying the leads. There are 
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many other methods: for example, the motor may be taken 
apart and the leads traced. This must be done on a five- 
lead compound motor. Sometimes the shunt-field leads 
can be immediately identified by the fact that they have a 
thinner lead wire than the others. The armature wires can 
occasionally be traced directly to the brush holder, thus 
eliminating this circuit. Common sense and a knowledge 
of circuits are essential in this kind of testing. 

4. Test for Cumulative or Differential Connection. Com¬ 
pound motors are almost always connected for cumulative 
operation. This connection is sometimes impossible to de¬ 
termine unless the motor is tested when it is disconnected 
from the load. Test in the following manner: Connect the 
leads to produce a compound motor, as shown in Figure 
7-59, and operate it from a d-c source. Note the direction 
of rotation. Stop the motor and disconnect one shunt-field 
lead, thereby changing it to a series motor. Run the motor 
for an instant and note the direction of rotation. If the 
direction of rotation is the same in both cases, the motor is 
cumulatively connected. If it runs in the opposite direc¬ 
tion after the shunt field is disconnected, it is connected dif¬ 
ferentially. If it is desired to connect it cumulatively and 
this test proves it to be connected differentially, reverse 
either the shunt-field leads or the series-field leads. Quite 
often this test is performed by connecting the leads to pro¬ 
duce a compound motor as described above and shorting 
out the series field before running it to note the direction 
of rotation. This is done to avoid an error in case of a large 
inrush of current. The rest of the test is as explained 
above, except that the short is removed from the series 
field. 

5. Test for Correct Interpole Polarity. The compass can¬ 
not often be used in checking the interpoles on a job, 
especially if the armature cannot be removed from the mo¬ 
tor. The following method may be used on motors in which 
the brush holder can be shifted from one position to an- 
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other. No compass is needed, nor is it necessary to remove 
the armature from the motor. 

Connect the line leads to the armature and interpole cir¬ 
cuit. Disconnect all other wires. Mark the positions of 
the brushes and shift the brush holder so that the brushes 
are halfway between the marks. This is shown in Figures 
7-60 and 7-61. Turn on the current for an instant and note 
the direction of rotation of the armature. If the armature 
turns in the same direction as the brushes are shifted, the 
polarity of the interpoles is right. If it rotates in the op¬ 
posite direction, the polarity is wrong and the interpole 
connections must be reversed. To make this test, the 
brushes can be shifted either clockwise or counterclockwise. 
After the test has been made, shift the brushes back to their 
original position. 

6. Test for Correct Position of Brush holder. The num¬ 
ber of carbon brushes riding on the commutator depends 
on the number of poles in the motor. A two-pole motor has 
two brushes, a four-pole motor has four brushes, etc. These 
brushes must be equally spaced around the commutator and 
must be located in the correct position. Each brush must 
contact at least two bars at a time. In doing so, the brush 
short-circuits the coil connected to these bars. 

If an armature coil cuts magnetic lines of force, current 
will be induced into the coil. If this coil is shorted by the 
brushes, the induced current will burn it out or produce 
considerable sparking. There is one place on a motor where 
the coil will cut comparatively few lines of force, and this 
point is between the main field poles. If a coil is shorted 
by the brushes when it is at this point, the coil cannot burn 
out because current is not being induced into it. Therefore, 
the brushes must be placed in such a position as to short- 
circuit an armature coil while it is midway between poles 
or at this neutral point. 

To locate the brushes properly, proceed as follows: As¬ 
sume a two-pole interpole motor, although the method ap¬ 
plies to motors having any number of poles. The entire 
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procedure takes place while the motor is assembled. Mark 
one armature coil slot with chalk and trace its leads to the 
commutator. Turn the armature in the motor so that the 
marked slot is under the interpole. With the armature held 
in this position, move the brush holder so that one brush 
is over the commutator bars connected to the coil. Fix the 
brush holder in this position. 

Run the motor for a short time with the brushes in this 
position. Then shift the brushes back and forth very slowly 
and notice whether the motor runs more quietly or without 
any sparking. The location of the brushes one bar away 
from the determined position may cause better operation; 
if so, leave the brushes in the new position. Practice and 
experience will enable the repairman to locate the exact 
position. 

A popular method of determining the proper brush posi¬ 
tion consists in spacing the leads of a low-reading voltmeter 
to contact adjacent commutator bars. The motor is oper¬ 
ated and the leads are moved back and forth until no read¬ 
ing is visible on the voltmeter. This position is the correct 
neutral point. The brush holder is then moved so that a 
brush is in this position. 

Several more ways to set brushes on neutral are 

1. To put normal current in the armature and interpole 
circuit without any field current. When the brushes are in 
neutral, the armature will not turn. 

2. To use a field kick that is, put a voltmeter across the 
brushes; then apply current to the field only and note the 
kick on the voltmeter. In neutral position the kick will be 
zero or minimum. 

3. To run the motor (loaded) in both directions; in neu¬ 
tral position the speeds should be identical. 

Repairs 

The symptoms encountered in defective d-c motors are 
given below. Under each symptom are listed the possible 
troubles. The numbers in parentheses after each trouble 
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indicate the correspondingly numbered remedies to be found 
in the following pages. 

1. If the motor fails to run when the switch is turned on, 
the trouble may be 

a. Burned-out fuses (1) 

b. Dirty or clogged brushes (2) 

c. Open armature circuit (3) 

d . Open field circuit (4) 

e. Shorted or grounded field (5) 

/. Shorted armature or commutator (6) 

g. Worn bearings (7) 

h. Grounded brush holder (8) 

i . Overload (9) 

j. Defective controller (10) 

2. If the motor runs slowly, the trouble may be 

a. Shorted armature or commutator (6) 

b . Worn bearings (7) 

c. Open armature coils (11) 

d. Brushes set off-neutral (12) 

e. Overload (9) 

/. Wrong voltage (13) 

3. If the motor runs faster than name-plate speed, the 
trouble may be 

a. Open shunt-field circuit (14) 

b. Series motor running without a load (15) 

c. Shorted or grounded field (5) 

d. Differential connection in a compound motor (16) 

4. If the motor sparks, the trouble may be 

a. Poor brush contact on the commutator (17) 

b. Dirty commutator (17) 

c. Open circuit in the armature (3), (11) 

d. Wrong interpole polarity (19) 

e. Shorted or grounded field (5) 

/. Reversed armature leads (22) 

g. Wrong lead swing (18) 

h. Brushes set off-neutral (12), (18) 

i . Open field circuit (4) 
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j. High or low bars (20) 

k. High mica (21) 

5. If the motor is noisy in operation, the trouble may be 

a. Worn bearings (7) 

b. High or low bars (20) 

c. Rough commutator (17) 

6. If the motor runs hot, the trouble may be 

a. Overload (9) 

b. Sparking (17), (11), and Section 4 above 

c. Tight bearings (23) 

d. Shorted coils (5), (6)~ 

e. Too much brush pressure 

l. Burned-out Fuse. Tests for a burned-out fuse have 
been described in previous chapters. The following notes 
will also be of value. 

Some types of cartridge fuse can be taken apart and a 
new fuse wire inserted. Plug fuses are constructed so that 
by looking at the mica window, it can be easily determined 
whether or not the fuse is good. The fuses can be tested 
without removing them from their cutouts. This is done by 
first connecting a lamp across the line, before the current 
goes through the fuses. Next the test lamp is brought to 
the other side of the fuses; if no light is obtained, one or 
both fuses are blown. On 220-volt circuits, a test set con¬ 
sisting of two lamps in series is used. The regulation fuse 
tester is used on voltages up to 550. 

2. Dirty or Clogged Brushes. Carbon brushes should 
press against the commutator with a pressure usually be¬ 
tween 1 and 2 lb. per sq. in. of surface. This pressure is 
applied by means of a spring, which is generally located 
behind the brush. For the spring action to be effective, the 
brush must be free to move* in the brush holder. However, 
there must be as little space as possible between the brush 
and the brush holder. If too much room is allowed, the 
brushes will chatter while the armature is turning. 

If the brush becomes so jammed in its mounting as to 
render the spring useless, the brush will not press on the 
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commutator. Current will therefore be kept from flowing 
through the commutator and the winding and will produce, 
in effect, an open in the armature circuit. 

The brush holders should be no more than Vi6 inch above 
the commutator; otherwise the brushes will chatter while 
the armature is turning. Figure 7-62 shows various posi¬ 
tions of a brush. The proper distance can usually be regu¬ 
lated by means of a setscrew. It is also important that the 
brushes fit the curvature of the commutator. This is done 
by placing a strip of sandpaper over the commutator with 
the rough side against the brush and moving the sandpaper 
back and forth while pressure is applied to the brush. 

3. Open Armature Circuit. An open armature circuit 
may result from numerous causes, such as (a) poor brush 
contact; ( b ) a broken wire leading to the brush holder; 
(c) a defective connection between the interpole and the 
armature; (d) a broken interpole wire; (e) two or more 
open coils in the armature; (/) a dirty commutator. These 
faults are located either by visual inspection or by means 
of test lamps. Some of these troubles are illustrated in 
Figure 7-63. If there are open coils in the armature, repair 
by rewinding or by bridging commutator bars. 

A dirty commutator should be cleaned with a dry cloth 
and then sandpapered. If the commutator is undercut, the 
dirt between the bars should be scraped out with hack-saw 
blades ground to fit into the slot. 

4. Open Field Circuit. Open circuits in either the series 
or shunt fields will prevent the motor from starting; but if 
a shunt-field coil opens while the motor is running, it may 
cause the motor to “run away” if the motor is not fully 
loaded. On compound fields, a short circuit often takes 
place between the series and the shunt coils, causing the 
wires to burn and open-circuit. Figure 7-64 shows several 
places where opens may occur. Sometimes the opens take 
place in the leads connecting to the fields. These leads 
are broken off easily if they are not tied securely to the coil. 
The open may also be in the lead extending out of the motor 
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or be due to a poor connection of the field poles. It is 
located either by inspection or by testing. 

To repair an open field, remove it from the core and un¬ 
wind or cut away the tape covering. If the break is on the 
top layer of the coil, remove the few turns and then attach 
the lead to this point. A few turns less on the coil will have 
no harmful effect on the operation of the motor. If many 
turns must be removed, splice new wire at the break and 
add the same number of turns to the coil as are removed. 
Occasionally the break may be one in which the two ends 
of the wire can be spliced without removing any turns. If 
the break cannot be located, rewind the entire coil. 

5. Shorted or Grounded Field. A shorted field coil will 
either cause a fuse to burn out or produce a weak magnetic 
field that will not turn the armature. A completely burned 
field can be found by visual inspection, but a shorted field 
can be detected only by testing. Often a shorted field may 
cause the motor to run faster than normal and spark badly 
if no load is applied. 

Three ways to test for a shorted field are (a) resistance 
measurement test with an ohmmeter, (6) drop in voltage 
test, and (c) transformer test. 

Resistance Measurement Test with an Ohmmeter. 
Since all field coils in a given motor are alike, the resistance 
should be the same for each. Figure 7-65 shows the test 
circuit. The resistance of each coil is checked with an ohm¬ 
meter, and if the reading is lower on one field than on the 
other, a short is indicated. The shorted coil must be re¬ 
wound. 

Drop-in-Voltage Test. If the field coils of a four-pole 
motor are connected in series to a 120-volt line, each coil 
will receive one-fourth of 120 volts, or 30 volts. Therefore, 
if the voltage across each coil is measured with a voltmeter, 
as shown in Figure 7-66, the reading should be 30 volts. 
The usual method of expressing this is to say that there is a 
30-volt drop across the coil. If one field coil has a lower 
voltage drop than the others, a short is indicated. 
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Transformer Test. Small field coils are tested as shown 
in Figure 7-67. The transformer consists of a laminated 
iron core, with a coil around one end. The field coil is 
placed over the iron core so that it rests on the transformer 
coil and 110 volts of alternating current is applied to the 
transformer. If the field coil is shorted, current will be 
induced into it and cause it to be repelled from the trans¬ 
former coil. The field coil will jump upward if many turns 
are shorted. 

Another method of detecting a shorted field coil is to 
connect the field-coil circuit to the line for a few minutes. 
Normally, all the field coils should become warm; if a coil 
feels cool, it is the shorted one. 

One grounded coil will have no effect on the performance 
of a motor other than to cause a shock if touched. Two 
separate grounds in the motor are equivalent to a short and 
a fuse may burn out. If the frame of the motor is grounded 
according to the Underwriters’ Code, one grounded field 
may blow a fuse. Repair of a grounded coil involves rein¬ 
sulating and retaping the grounded part. Care must be 
exercised in this operation since some of the turns may have 
become open or badly burned. Be sure, that the grounded 
area is carefully gone over. 

6. Shorted A t m ature or Commutator . If there are many 
shorted coils in an armature, or if more than one coil is 
grounded, the armature may not rotate. In some motors, 
the armature will revolve a half turn or turn over very 
slowly. To test for shorted coils, place the armature on 
the growler and test with a hacksaw blade. Before doing 
so, however, clean the mica between bars of the commutator 
to eliminate this as the possible cause of the shorts. 

A shorted armature coil manifests itself by heating and 
smoking. Smoke issuing from a motor is nearly always a 
sign of shorted or burned coils. Sometimes the smoke is 
pronounced and at other times it is hardly noticeable. The 
odor of burning coils is quite evident. If this condition is 
allowed to exist for a short time, adjacent coils will be 
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harmed. On the other hand, if it is caught in time, the 
winding may be saved. Whenever smoke is seen issuing 
from a motor, turn off the current and then locate the de¬ 
fective coil by feeling the armature for the hot coil. Cut 
it out of the circuit as explained in Chapter 6. 

If the shorted coil is due to shorted bars, lift the wires 
from one of these bars, solder the wires together and tape 
them. Next solder across the top of the shorted bars. If 
the motor runs without smoking, the coil need not be cut 
through. If the coil smokes, this will be necessary. Shorted 
bars can nearly always be identified by discoloration due 
to the heat. 

7. Worn Bearings. If the bearings are so worn that the 
armature rests on the field poles, the armature probably will 
not rotate. If it does, it will be noisy in operation. Try to 
move the armature shaft up and down to detect this condi¬ 
tion as explained in Chapter 1, Split-phase Motors. Worn 
bearings are easily recognized by the noise produced and 
by the presence of smooth worn spots on the rotor core. 
The only remedy is the installation of new bearings. 

8. Grounded Brush Holder. One grounded brush holder 
may cause the fuse to burn out if the frame is grounded. 
This is especially true if the motor operates on 220 volts. 
Use a test-lamp set to test for grounded brush holders. All 
wires must be disconnected from the brush holder and the 
brushes lifted from the commutator before this test is made. 
One test lead is held on the end plate while the other is 
touched to each brush holder in turn. A light indicates a 
grounded brush holder. To remedy, remove the brush 
holder from the brush rigging and reinsulate with fiber 
washers or mica at the grounded spot. 

9. Overload. If an excessive load is placed on a motor, 
it may refuse to turn over. A very hot motor is a sign of 
overload. To determine if a motor is overloaded, discon¬ 
nect the belt or other connecting mechanism and try the 
motor. If it operates perfectly, in all probability the trou¬ 
ble lies in the load. Either decrease the load or install a 
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larger motor. See Chapter 4, Three-phase Motors, for a 
detailed description of this fault. 

Overload does not necessarily refer to the actual load. 
Any condition that will cause the motor to run slowly is a 
form of overload; for example, tight bearings will tend to 
slow down a motor and are considered an overload. 

Check the current flow through the motor with an am¬ 
meter and compare the reading with the name-plate cur¬ 
rent. If the overload is due to tight bearings, scrape them 
until the motor can be turned freely by hand. If it is due 
to a heavy load, use a larger motor or cut down the load, etc. 

10. Defective Controller . A starting box or controller 
that does not function properly may be the sole cause of 
burned-out fuses. The fault may lie in a defective con¬ 
troller mechanism or in faulty connections between the 
motor and the controller. In either case, the repairman 
must be well informed on controller operation and connec¬ 
tions before attempting to make repairs. See Chapter 8, 
Direct-current Controllers, for the diagrams that apply. 

11. Open Armature Coils . An open armature coil will 
cause vicious sparking at the commutator and will prevent 
the motor from running at name-plate speed. Examination 
will reveal badly burned spots on the commutator bars to 
which the open coil is connected. On a lap winding, one 
open coil will cause one burned spot; on a four-pole wave 
winding, two spots will be produced. The open circuit may 
be caused by loose leads in the commutator bars or by im¬ 
properly soldered leads. Remove the leads from the bar, 
clean them, and then replace and solder them back in place. 
If the open is caused by a broken wire in the coil, jump the 
two bars on either side of the burned spot. When more 
than one burned spot appears on the commutator, jump the 
bars in only one place and run the motor. If the sparking 
is eliminated, do not jump any more bars. 

12. Brushes Set Off-neutral . The brushes must short- 
circuit a coil while it is in a neutral zone. If the setscrew 
that holds the brush rigging in place becomes loose, it may 
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cause the brushes to move away from the proper brush 
setting. When this happens, the armature will spark badly 
and cause the motor to lose speed. Place the brushes in the 
proper position. 

This condition is similar to having a wrong lead swing. 
The remedy for it is to shift the brushes so that there is no 
sparking when the motor is running at full load. The cor¬ 
rect position of the brushes in an interpole motor can be 
found by turning the armature so that one coil lies midway 
between main poles or directly under an interpole as shown 
in Figure 7-68. Next, the leads of that coil are traced to the 
commutator, and then the brushes shifted so that the com¬ 
mutator bars are shorted. The voltmeter method can also 
be used. In a motor that has no interpoles, the brush posi¬ 
tion, determined by the direction of rotation of the motor, 
will be slightly different. If the motor is running clockwise, 
the brushes must be moved counterclockwise several bars 
from the position they would occupy if it were an interpole 
motor. 

13. Wrong Voltage. Motors are designed to run at a 
specific voltage. If the impressed voltage is less than the 
name-plate requirement, the motor will run at a correspond¬ 
ingly lower speed. If a load is applied, the motor will un¬ 
doubtedly refuse to turn and may even burn out a fuse. 
Be certain that the name-plate voltage corresponds to the 
impressed voltage. 

If in doubt as to the value of the line voltage, measure it 
with a voltmeter. 

14. Open Shunt-field Circuit. If the field circuit of a 
shunt motor opens while the motor is running without a 
load, the armature may rotate at such a high speed that 
there is danger of the coils flying out of the armature. The 
motor is said to be “running away” if a condition like this 
arises. In order to explain this action, the principle of the 
generator must first be discussed. 

A generator is a machine that changes mechanical energy 
to electrical energy. It consists of a number of coils of wire 
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rotating in a magnetic field. In so rotating, the coils cut 
the lines of force in the field and cause a voltage to be gen¬ 
erated in the coils. 

This condition exists not only in a generator but also in a 
motor. Since all that is necessary to generate electricity is 
a coil of wire revolving in a magnetic field, and since these 
three factors (coils of wire, rotation, and a magnetic field) 
exist in a motor, a motor also generates electricity. This is 
called counter electromotive force (counter e.m.f.), or 
counter voltage , because it is generated in the opposite di¬ 
rection from the impressed voltage. Tests have proved that 
increasing the strength of the magnetic field increases the 
counter 'e.m.f. Also, the faster the coils cut the lines of 
force, the more voltage will be generated. For example, if 
a counter e.m.f. of 100 volts is desired, it can be obtained 
either by rapidly rotating an armature in a w T eak field or 
rotating the armature at a slower speed in a strong field. 

The voltage generated in a motor is opposite in polarity 
and nearly equal to the voltage impressed on the motor. 
Thus, if 120 volts is applied to a motor, the counter e.m.f. 
will be about 110 volts in the opposite polarity, leaving only 
10 volts to force current through the armature. This is 
sufficient to keep the motor running. 

First, the counter e.m.f. will be slightly less than the 
impressed voltage at all times. Second, the counter e.m.f. 
depends on the strength of the field, or the number of lines 
of force, and on the speed. If the field circuit is broken, 
current cannot flow through the field coil; therefore, the 
number of lines of force will be reduced to practically zero. 
Actually, a few lines of force remain, those due to residual 
magnetism. Consequently, an armature rotating in a mag¬ 
netic field of few lines will generate very little counter e.m.f. 
Since this must build up approximately equal to the im¬ 
pressed voltage, the armature will tend to increase its speed 
in order to generate the required amount of voltage. When 
the shunt field opens, this operation takes place automati¬ 
cally. 
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15. Series Motor Running without Load . The load 
should never be removed from a series motor while it is 
running. If it is removed, the speed of the motor will in¬ 
crease until it is dangerously high. Figure 7-69 shows that 
the same amount of current flows through the fields as 
through the armature. Since a motor consumes more cur¬ 
rent while pulling a load than when running without a load, 
the strength of the field in a series motor will be low when 
there is no load, and high when there is a heavy load on 
the motor. To generate the required counter e.m.f. with a 
weakened field, the armature must turn correspondingly 
faster. 

16. Differential Connection in a Compound Motor. If a 
cumulatively connected motor is connected differentially by 
mistake, the motor will run at a higher speed if it is not 
loaded. Inasmuch as differentially connected fields have 
polarities which oppose one another, the resultant field 
strength will be weak. Previous discussion has shown that 
a weakened field causes an increase in speed. 

Differentially connected fields are detected by observing 
the direction of rotation with the motor connected first as 
a compound motor and then as a series motor. If the direc¬ 
tion is the same with both connections, it is connected 
cumulatively; otherwise, it is connected differentially. To 
change a differentially connected motor to a cumulative 
connection, the polarities of either the series or the shunt 
field are reversed. 

17. Poor Brush Contact on the Commutator. Sparking 
at the commutator is a common occurrence and one of the 
chief causes is poor brush contact on the commutator. This 
may be due to (a) worn brushes, (b) clogged brusli holder, 
(c) insufficient spring pressure, (d) loose pigtail connection, 
(e) brushes shaped improperly, (/) a rough, grooved, or ec¬ 
centric commutator, or ( g ) dirty commutator. 

Continual service will cause a brush to wear to such an 
extent that the spring pressure is no longer effective. This 
condition is illustrated in Figure 7-70. Vicious sparking 
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will result. Replace with new brushes. Quite often, the 
heat produced at the brushes will cause the spring to lose 
its tension. Inspection of the spring will reveal this fault; 
a defective spring can be stretched without returning to its 
original position. 

If dirt and grease become lodged between the sides of the 
brush and the brush holder, the brush cannot press tightly 
against the commutator, and sparking results. 

Many brushes are equipped with pigtails as shown in 
Figure 7-71. These are small, flexible leads that connect 
to the brush holder and conduct current from the brush 
holder to the brush. (In nonpigtail brushes this is done 
by means of the spring.) If the pigtail connections be¬ 
come loose, sparking results. To tighten a pigtail in the 
brush, drop a piece of molten solder into the space between 
the pigtail and the brush with a soldering iron. Another 
method is to drill a hole in the brush the size of the pig¬ 
tail, insert the pigtail, and then secure it by forcing a brad 
into the hole. Care must be taken not to crack the carbon. 

Failure to fit a brush properly against the commutator 
will result in sparking. The brush is shaped by placing a 
piece of fine sandpaper on the commutator with the rouge 
side facing the brush and moving the sandpaper back and 
forth while pressure is placed on the brush. After it has 
assumed the shape of the commutator, remove the sand¬ 
paper and blow away the carbon particles. 

A rough and eccentric commutator will cause a distinct 
knocking and may be detected by placing a finger on it. 
The remedy is to turn down the commutator in a lathe. 
A dirty commutator is another cause of sparking. The 
commutator must be clean and free from foreign matter 
such as grease, oil, grit, etc. The best way to clean a com¬ 
mutator is to wipe it off with a cloth. On undercut com¬ 
mutators, scrape out the dirt between the bars. Very often 
small particles of carbon dust lodge in the mica between 
bars and flash over while the armature is turning. This 
may become so bad that a ring of fire forms around the 
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entire commutator. Cleaning the mica will remedy the 
condition. 

18. Wrong Lead Swing. If the coil leads of an armature 
are incorrectly placed several bars away from the right 
ones, excessive sparking will occur at the brushes. An 
examination of a coil in a neutral position will reveal 
whether or not its leads are being shorted by a brush. In 
the event the bars of this coil are not being so shorted, 
the leads obviously were put in the wrong bars. The rem¬ 
edy is to shift the brushes until no sparking results, or to 
reconnect the leads if the motor brushes cannot be moved. 

19. Wrong Interpole Polarity. The purpose of the inter¬ 
pole is to prevent sparking that results from induction; 
however, this can be accomplished only if the polarity of 
the interpole is correct. Since the reasons for sparking 
are so numerous, it is difficult to examine a motor that is 
sparking and come to the conclusion that the cause is wrong 
interpole polarity. Testing is the only method of deter¬ 
mining conclusively that incorrect interpole polarity is re¬ 
sponsible. The test for correct polarity, which involves 
shifting of the brushes and noting the direction of rota¬ 
tion, was described earlier in this chapter. If the motor 
is so constructed that this test cannot be applied, a compass 
polarity test will have to be made. 

A motor with wrong interpole connections will draw 
more than normal current and it will overheat. If the 
motor is allowed to run, the commutator will become so 
hot that solder will be thrown from the commutator slots. 
Even though the interpoles are not connected properly, 
the motor will often run without sparking, but the com¬ 
mutator will become abnormally hot. 

20. High or Low Bars. High or low bars will cause ex¬ 
cessive sparking at the commutator. If the motor turns 
slowly, a spark is seen every time the high bar passes the 
brush. If the motor turns rapidly, this condition will ap¬ 
pear as a continuous spark, accompanied by a blackening 
of the commutator and by chattering of the brushes. High 
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and low bars can be found by running a finger over the 
commutator. Tighten the commutator and turn it down 
in the lathe or use a commutator stone and sandpaper. 

21. High Mica, High mica may be due to a loose com¬ 
mutator or, more usually, to faster wear of the copper bar 
than of the mica. Pronounced sparking accompanies this 
condition. High mica is recognized by a blackening of 
the entire commutator, and the mica will feel rough to 
the touch and higher than the bars. The remedy is to turn 
the bars down on a lathe and undercut the mica. A tem¬ 
porary repair is to hold a commutator stone against the 
bars while the motor is turning. 

22. Reversed Armature Leads, This defect can occur 
only in a newly rewound armature and is manifested by 
sparking at the brushes. If everything else appears to be 
in good condition, the only way definitely to determine 
reversed leads is to retest the armature. A description of 
testing for reversed armature leads is given in Chapter 6. 

23. Tight Bearings. If the shaft of the armature fits 
tightly in the bearings, it will be difficult to turn the arma¬ 
ture by hand. In this case the bearings should be. scraped 
or reamed so that they fit the shaft without binding. An¬ 
other remedy is to smooth down the shaft by polishing it 
with a fine emery cloth until the bearings fit. Often, how¬ 
ever, the fault lies in the assembly of the motor, that is, 
if the end plates are not put on the frame properly. 
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In Chapter 5, Alternating-current Motor Control, it was 
shown that an electric controller has many functions. Some 
of the important functions are to start and stop a motor, 
to limit the starting current or the speed; to reverse rota¬ 
tion; to provide undervoltage protection and/or overload 
protection; and to provide dynamic breaking. Some con¬ 
trollers are designed simply to start and stop motors; others 
perform several of these operations; and still others per¬ 
form all of them. 

Controllers are classified in many different types, but 
essentially they are either manually or automatically op¬ 
erated. This chapter is devoted to describing both man¬ 
ually and automatically operated d-c controllers and the 
ways in which they are connected in the motor circuit. 

Small d-c motors of less than hp. consume very little 
current and therefore can be started by placing full voltage 
across the motor terminals. Large d-c motors cause large 
initial currents to flow because they have a low ohmic re¬ 
sistance. If full voltage is applied to a large motor while 
it is at a standstill, the excessive current flow may damage 
the motor or burn out the fuse. To start a large motor, 
it is necessary to place a resistance unit in series with the 
motor so that the starting current is reduced to a safe 
value. As the motor accelerates, this resistance can be 
gradually decreased. The resistance is not required after 
the motor has reached the desired speed because the motor 
is then generating a voltage which is in opposition to the 
impressed voltage, thereby preventing excessive current 
flow. This opposing voltage is called the counter electro- 
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motive force (counter e.m.f) and its value will depend on 
the speed of the motor, which is greatest at full speed and 
zero at standstill. 

For example, if the armature of a 230-volt motor has a 
resistance of 2 ohms, the current flow at standstill will be, 
according to Ohm’s law 


E _ 230 
R ~ 2 


115 amp. 


If the motor is running and thus is generating a counter 
e.m.f. of 100 volts, the total voltage in the armature is 
230—100 or 130 volts. Therefore the current is 

j _ E _ 130 

R ~ 2 


= 65 amp. 


The flow of current has been reduced considerably by the 
counter e.m.f. If the motor is running at full speed and 
is generating a counter e.m.f of 200 volts, then the current is 


I 


E __ 230—200 

R ~ 2 


= 15 amp. 


In other words, this motor normally will pass 15 amp. at 
full speed. However, if the initial current is not restricted 
until the motor reaches full speed, 115 amp. will flow— 
enough to burn out the motor or do considerable damage. 
To prevent the large initial current, resistance is inserted 
in the motor circuit and is gradually decreased as the motor 
accelerates and generates the counter e.m.f. The resistance 
is mounted in a box, called a starting box , which is mounted 
near the motor. A typical starting box is illustrated in 
Figure 8-5. 


MANUAL CONTROLLERS 

Three-point Starting Box Connected to a Shunt Motor 

A three-point starting box consists essentially of a tapped 
resistance element that limits the starting current of a 
motor to a safe value. This type of starter can be used 
for starting either a shunt or a compound motor. The re¬ 
sistance unit is tapped at various points and the connections 
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brought to contacts on the face plate, as shown in Figure 
8-1. When the handle is moved from point to point, the 
resistance in the circuit is decreased. A coil located on the 
face plate acts as a magnetic holding coil and keeps the 
handle in place after it has been moved to the last con¬ 
tact. The starter gets its name from the fact that three 
terminals are located on the face plate. These are marked 
L, A, and F, signifying, respectively, line, armature, and 
field, and are connected internally to the handle, resistance, 
and holding coil. 

The operation of the starter shown in Figure 8-1, when 
connected to a motor, is as follows: When the handle is 
brought to the first contact point, current will flow from 
the positive line lead to terminal L and through the handle 
to the first contact point. From this point the current 
has two paths, one through all the resistance to terminal 
A; the other through the holding coil to terminal F. From 
the armature terminal, the current flows through the arma¬ 
ture to the negative side of the line. From the field ter¬ 
minal, the current flows through the shunt field also to the 
negative side of the line, as can be seen from Figure 8-2. 
Because all the resistance is in series with the armature 
at the starting position, the initial current will be limited 
to a safe value. As the handle is moved up, the motor 
will accelerate and produce a counter e.m.f., which will 
also restrict the current flow. 

It should be noticed that when the handle is moved to 
the last contact point, the starting-box resistance is en¬ 
tirely removed from the armature circuit, and that it has 
been gradually placed in the field circuit. This will have 
no effect on the performance of the motor because the re¬ 
sistance has a very low value in comparison to the resist¬ 
ance of the shunt field. Note also that the holding coil 
is connected in series with the shunt field. Therefore, cur¬ 
rent will flow through it when the field is excited, ener¬ 
gizing it and causing it to become a magnet. Thus the 
holding coil retains the handle in position. 
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Should the shunt field open for any reason, the current 
will stop flowing in the holding coil. Spring action will 
cause the handle to fall back and open the circuit to the 
armature. The holding coil therefore acts as a safety de¬ 
vice, because under ordinary conditions a shunt motor 
with an open field circuit will tend to “run away/’ Be¬ 
cause of this safety measure, the holding coil is given the 
name of no-field release. 

Three-point starting boxes can also be connected to com¬ 
pound motors. Figures 8-3 and 8-4 illustrate this connec¬ 
tion. The only difference between this connection and the 
one for the shunt motor is the addition of the series field. 

Four-point Starting Box Connected to a Compound Motor 

There is very little difference between the three-point 
and four-point starting boxes. The latter is illustrated by 
Figure 8-5. The main difference is that the holding coil 
is connected across the line in series with a resistor in order 
to limit the current in the holding coil, as shown in Figures 
8-6 and 8-7, instead of being connected in the shunt-field 
circuit. The four-point box has four terminals on the face 
plate instead of three. The line leads are L l and L 2 , the 
armature is A and the field is F. 

When the handle is brought to the first contact point, 
current will flow from the positive line lead to the handle 
and to the first contact point. From here the current has 
three paths, which can be followed in Figure 8-7: One 
path is through the resistance to the armature terminal, 
to the armature and series field* and out to the negative 
side of the line. Another path is from the field terminal 
to the shunt field and out to the negative side of the line. 
A third circuit is through the holding coil, the holding-coil 
resistor, and back to negative. Because the holding coil 
is connected directly across the line and thus cannot hold 
the handle in place should the voltage fail, it is given the 
name of no-voltage release . 

An advantage of this box over the three-point box is 
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that a variable resistance can be placed in the shunt-field 
circuit in order to increase the motor speed. A disad¬ 
vantage is that the speed may increase to a dangerous de¬ 
gree if too much resistance is added, because this is similar 
to running with the field circuit open. A diagram of a 
four-point box with an additional resistance in the field 
circuit is shown in Figure 8-8. In the diagrams, the ter¬ 
minals have been located at convenient points on the face 
plate in order to simplify the diagram. In actual starters 
£he terminals are generally placed in a row either on the 
bottom or top of the face plate. 

Four-point Speed-regulating Rheostat 

This rheostat is a device to regulate the speed of a motor. 
The connections of a four-point rheostat are similar to the 
previous four-point box, except that the field resistance is 
incorporated in the same box as the armature resistance, 
as shown in Figure 8-9. The size of resistance wire in the 
armature circuit must also be larger than the previous box 
because the handle has a ratchet that permits it to be held 
stationary on any contact point by the holding coil. Be¬ 
cause the resistance may be in the circuit at all times, it 
must be heavy enough to pass the armature current with¬ 
out heating excessively. 

In operation, when the handle is brought to the first- 
contact point, the holding coil becomes energized and at¬ 
tracts the pivoted arm so that it holds in the first notch 
of the ratchet. This maintains the handle in place without 
the necessity of holding it by hand. At the same time the 
current flows through all the armature resistance to the 
armature and series field and back to the line. The cur¬ 
rent also travels through the solid copper bar located above 
the armature resistance contacts to the shunt field and back 
to negative. 

As the handle is moved up to point 5, all the armature 
resistance is cut out and the field resistance is about to be 
cut in. This will increase the speed of the motor until 
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the last contact point is reached. It should be remembered 
that the handle can be left in any desired position. 

Four-point Starting-box and Speed-regulating Rheostat 

This rheostat is a combination starting box and speed 
regulator. This type of starter has a special handle (shown 
in Figure 8-10)—actually two arms, one under the other. 
When the handle is moved up, both arms are interlocked. 
After the handle is brought to the last contact point, the 
holding coil maintains in position the arm which contacts 
the armature resistance points. If it is desired to increase 
the speed above normal, the handle is moved in a counter¬ 
clockwise direction. This moves only the arm contacting 
the field resistance and cuts in resistance in the field cir¬ 
cuit, as shown by Figure 8-11. 

When the arm is in the OFF position the shunt-field 
resistance is shorted by means of an auxiliary contact lo¬ 
cated on the face plate. This contact is movable, so that 
when the handle is rotated to the uppermost position the 
auxiliary contact opens the shorted field resistance and al¬ 
lows it to be used in the field circuit. At the same time 
the holding coil is connected in the circuit. The object 
in shorting the field resistance is to prevent its use until 
all the armature resistance has been cut out. 

In operation, the handle is moved to the first contact 
point, and a circuit is formed from positive to the handle, 
through all the resistance, through the armature circuit, 
and back to negative. Also a circuit is completed from 
the first contact button through the auxiliary contact to 
the field terminal, through the shunt field, and back to 
line. After the motor accelerates and the handle is brought 
to the last contact, the auxiliary contact permits the field 
resistance to enter the circuit and also closes the holding- 
coil circuit which holds the handle in position. If increased 
speed is desired, the arm which contacts the field resistance 
is moved in a counterclockwise direction, inserting resist¬ 
ance in the field-circuit, and in turn causing^ an increase 
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in speed. When the main switch is opened, a coiled spring 
at the base of the handle returns it to the off position. 

Another combination starter and speed regulator which 
operates on the same principle as the previous box but 
whose construction is somewhat different, is shown in Fig¬ 
ure 8-12. The handle of this starter consists of two arms, 
a main arm, and an auxiliary arm. The main arm rides 
on two sets of contact buttons, one set for the field resist¬ 
ance and the other for the armature resistance. Only the 
armature resistance is in the circuit as the handle is moved 
upward. The auxiliary arm during this operation is in such 
a position that it short-circuits the shunt-field resistance, 
causing it to be inoperative during the period in which 
the armature resistance is cut out. 

When the main arm is brought to the last contact point, 
the auxiliary arm connects the armature terminal directly 
to the line and also allows the field resistance to be put 
into the circuit. The auxiliary arm is held in this position 
by its holding coil. If the speed of the motor is to be 
increased above normal, the main arm is moved in a coun¬ 
terclockwise direction, thereby inserting resistance in the 
field circuit. If the main arm is brought back to the start¬ 
ing point, the holding coil will be disconnected, the auxil¬ 
iary arm released, and the entire motor disconnected from 
the line. 

Reversing Motors Connected to Three- and Four-point Starting Boxes 

In Chapter 7, Direct-current Motors, it was mentioned 
that there are two methods of reversing the direction of 
rotation of a d-c motor, namely, by reversing the current 
through either the armature or the field. The conventional 
method is to reverse the current through the armature. In 
the manually controlled starters, a double-pole, double¬ 
throw switch, connected as shown in Figure 8-13, is used 
for this purpose. Other devices are also used, but essen¬ 
tially they are alike in that their primary purpose is to 
reverse the current in the armature circuit. Figures 8-14, 
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8-15, and 8-16 are diagrams of a series motor reversed by 
connecting a double-pole, double-throw switch in the arma¬ 
ture circuit. 

A shunt motor is reversed in the same manner, that is, 
by connecting a reversing switch in the armature circuit, as 
shown in Figures 8-17 and 8-18. 

The connection diagram for a compound motor is similar 
to that of the series motor with the addition of the shunt- 
field which is connected across the line. When a com¬ 
pound motor is to be connected to a reversing switch, it 
must first be connected as a series motor and then con¬ 
nected with the shunt field across the line, as illustrated 
in Figure 8-19. If six leads are brought out of the motor, 
care must be taken to connect the motor for cumulative 
operation. If five leads are brought out, the lead, which 
is the combination series and shunt-field wire, should be 
brought to one line. If an interpole motor is reversed, 
both the armature and interpole must be reversed as a unit. 
A precaution to be observed when reversing a motor is to 
allow it to come to a full stop before attempting to operate 
it in the opposite direction. 

Connecting a Reversing Switch in the Armature Circuit 
of a Shunt Motor Connected to a Three-point Box. A dia¬ 
gram of the connection of a double-pole, double-throw 
switch and a three-point box to a shunt motor is shown in 
Figure 8-20. This is similar to the circuit of Figure 8-17, 
except that a three-point box is in the circuit. To reverse 
this motor, the main switch is first opened. This causes 
the motor to come to a complete stop and also allows the 
handle of the box to drop to its OFF position. The re¬ 
versing switch is then thrown, the main switch closed and 
the handle slowly raised. 

CompoundMotor — Three-point Box. To connect a com¬ 
pound motor for reversing, connect it exactly as shown in 
the diagram of Figure 8-20, except for the addition of the 
series field as shown in Figure 8-21. Note in this diagram 
that the armature and interpole are reversed as a unit. 
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If only the armature is reversed, sparking will occur at 
the brushes and the motor will overheat. 

Shunt Motor — Four-point Box. To connect a shunt mo¬ 
tor to a four-point box and reversing switch, it is only 
necessary to connect it as shown in Figure 8-20 with a 
three-point box and then add the wire for the additional 
line terminal on the four-point box, as shown in Figure 
8-22. 

Compound Motor — Four-point Box. If a compound mo¬ 
tor is to be connected to a four-point box and reversing 
switch, it should be connected as shown in Figure 8-23. 

Reversing Small Motors by Means of a Drum-type 
Switch. In appearance, a drum switch resembles the drum 
controllers used on trolley cars, but it is much smaller in 
size. It is totally enclosed, with a handle on top, as shown 
in Figure 8-24, and it has an outlet on the bottom to permit 
conduit connections. When the motor is not rotating, the 
handle is in the center position. When rotation is desired, 
the handle is moved to the right.. To reverse the motor, 
the handle is first brought to the center until the motor 
stops and then is moved to the left. 

Removing the switch cover will reveal the terminals 
to which the line and motor connections are made. If the 
contacts are inspected, it will be found that there are two 
stationary sets arranged as illustrated in Figure 8-25. These 
consist of four contacts on both sides of the switch, at¬ 
tached to and insulated from its frame. The movable 
contacts shown in Figure 8-26 are attached to an arm that 
runs through the middle of the switch and are so placed 
as to contact the stationary points when the handle is 
moved in either direction. 

When the motor is at rest, the movable contacts do not 
touch the stationary contacts. However, when the motor 
is running, one possible position of the contacts is as shown 
in Figure 8-27. For reverse rotation, the contacts are as 
shown in Figure 8-28. To connect this switch to a series 
motor, as shown in Figure 8-29, the armature wires are 
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connected to contacts 3 and 4 and the series field to 5 and 
7. The line wires are connected to 2 and 8. Figure 8-29 
shows the connection for clockwise rotation, and Figure 
8-30, the connection for counterclockwise rotation. 

For a shunt motor, the armature is connected exactly 
as before. The shunt field, however, is connected to con¬ 
tacts 1 and 7. Contacts 5 and 7 are connected together. 
Figures 8-31 and 8-32 show the current paths for forward 
and reverse. 

The compound motor is a combination series and shunt 
motor, and therefore the connecting diagrams of Figures 
8-33A and 8-335 show both the series and shunt fields 
connected as in the previous diagrams. 

Overload Relays 

To protect the motor and line from accidental or pro¬ 
longed overloads, either the starting box, the motor, or 
both can be equipped with a device that will automatically 
disconnect the motor from the source of current when such 
a situation occurs. If too large a current flows for too 
long a time, damage is done to a motor, or line disturbances 
take place. This necessary protection can be provided by 
fuses, by magnetic or thermal circuit breakers, or by over¬ 
load relays. 

Fuses. Generally fuses are used in the line circuit sup¬ 
plying electric motors, although some motors have built-in 
fuse blocks. Since the cost of replacement is excessive and 
the time required for renewal and replacement is wasted, 
overload relays and circuit breakers have been designed 
which are simple and relatively inexpensive. 

Magnetic Circuit Breakers. A magnetic circuit breaker 
provides a quick and effective means of opening the motor 
circuit if an excessive current flows. It consists of a coil 
of wire sufficiently heavy to carry the motor current and 
is connected in series with the line. It is located in a posi¬ 
tion close to the main contact arms, as shown in Figure 8-34. 

If an overload occurs, enough current will flow through 
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the coil to energize it and cause a plunger located in the 
center of the coil to rise and trip the main contact arms, 
thus opening the circuit. These circuit breakers can be 
adjusted to operate between certain ranges of current. 
Magnetic circuit breakers of many different designs are 
used, but the principle of operation is the same for all. 
Some circuit breakers are constructed so that breaking 
will occur only after the overload has been sustained for a 
certain length of time. Breakers of this type make use of 
a unit called a dashpot or employ thermal elements. 

Thermal Circuit Breaker. A thermal circuit breaker op¬ 
erates on an entirely different principle than the magnetic 
circuit breaker. Coils are not utilized in this type of 
breaker, but rather a bimetallic or other thermal unit is 
used to break the circuit. The principle of its operation 
is explained later. 

Magnetic Overload Relay. Magnetic overload relays are 
used on both manual and automatic starters. On some of 
the older manually controlled starters, such as the three- 
and four-point starting boxes, the overload relay takes the 
form of a magnetic coil which is connected in series with the 
main line, as in the case of the circuit breaker. The circuit 
breaker is so designed that when a normal or slightly above 
normal current is flowing, there will be no effect on the 
overload coil. However, if an overload condition arises, 
causing an excessive current to flow, the coil will become 
sufficiently energized to lift a small arm, which in turn 
will short-circuit two contacts. If these contacts are con¬ 
nected directly to the terminals of the holding coil of a 
three-point box, as shown in Figure 8-35, current which 
normally flows through the holding coil will now by-pass 
it. This causes the coil to become de-energized, releasing 
the handle of the box and shutting off all current to the 
motor. 

In Figure 8-36 is shown a plunger type of overload relay. 
When the current through the coil reaches the value set 
by the adjustable screw, the plunger is drawn up and opens 
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two contacts. This type of relay can be used on both the 
manual and automatic controllers. If it is used on manual 
starters, it is connected as shown in Figure 8-39. 

On automatic or semi-automatic starters, the plunger 
type of overload relay is used to open the contacts of a 
magnetic switch, as shown in Figure 8-37. The overload 
relay open-circuits the holding coil of the magnetic switch, 
causing the arm to fall back and open the line circuit. 

The magnetic switch or contactor is usually shown in one 
of the simple forms illustrated in Figure 8-38 when it is 
included in a circuit diagram. Figure 8-39 shows a con¬ 
troller diagram using a magnetic switch and overload re¬ 
lay. A more complete description of a magnetic switch is 
given later in this chapter. 

The operation of this circuit is as follows: When the 
snap switch is turned on, current will flow from the positive 
line through the snap switch, the holding coil, the overload 
coil contacts, and back to negative. The holding coil will 
be energized, closing the contactor. If a sustained overload 
existed, the overload coil plunger would rise and open the 
relay contacts. This would open the holding coil circuit, 
de-energizing the coil and allowing the handle to drop. If 
the starting-box handle is on the uppermost contact point 
at the time of overload, opening the magnetic switch will 
cause the handle to drop. Note that a snap switch is used 
to close the magnetic contactor in the diagram. This is 
shown for the sake of simplicity; actually a start-stop push¬ 
button station is used. 

Thermal Relays . Most overload relays used on modern 
controllers are thermally operated. This type of relay usu¬ 
ally consists of two strips of metal having different degrees 
of thermal expansion which are welded together. If this 
bimetallic strip is heated, it will deflect sufficiently to trip 
two normally closed contacts, which in turn will open-cir¬ 
cuit the holding coil of a magnetic contactor, causing the 
main contacts to open. The bimetallic unit is usually 
heated by placing it near a heating coil or heating unit 
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which is connected in series with the line. If an excessive 
current or prolonged overload occurs in the motor circuit, 
the heating unit becomes hot and transfers its heat to the 
bimetallic unit, which in turn bends and opens the con¬ 
tacts. An advantage of the thermal relay is that it pro¬ 
vides a time delay which prevents the circuit from being 
opened by momentary high starting currents and short 
overloads. At the same time it protects .the motor from 
prolonged overloading. 

The usual method of denoting a thermal overload relay 
is to show a normally closed contact next to an overload 
heater symbol. Two methods of showing this on drawings 
are illustrated in Figure 8-40. A diagram showing an ap¬ 
plication of a thermal relay is presented in Figure 8-41. 

Magnetic Switches 

Because a large percentage of motors are controlled by 
means of magnetic switches, a more detailed description 
of a magnetic switch and its method of control by push¬ 
button stations is given. 

Magnetic switches may be single, double, or triple pole 
in construction. In any case, only one coil is necessary to 
close the contacts of the switch. Figure 8-42 shows the 
main parts of a single-pole magnetic switch, which consist 
of a holding coil, movable arm, main contacts, and auxiliary 
contacts. In addition, a blowout coil is localed near the 
main contacts and used to quench the arc that usually 
occurs when the main contacts are broken. This coil is 
wound of heavy wire and is connected in series with the 
main line. The magnetic field that is produced by current 
flowing through it reacts against a similar field surround¬ 
ing the arc and causes the arc to move upward, thereby 
breaking it. 

It can be seen from Figure 8-42 that the main contacts 
will make if the holding coil is energized. Only a small 
current is necessary to energize the coil sufficiently to 
attract the arms. It is obvious, therefore, that any size 
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of magnetic switch can be closed by sending just a small 
amount of current through the coil. An advantage of the 
magnetic switch is that it can be controlled by a start-stop 
station located at a remote point. 

Pushbutton Stations. A magnetic switch is usually con¬ 
trolled by means of a pushbutton station. The common 
station consists of two buttons, a START and a STOP 
button. The construction is such that when the START 
button is pressed, two normally open contacts are closed, 
and when the STOP button is pressed, two normally closed 
contacts are opened. Spring action returns either button 
to its normal position when pressure is removed. Figure 
8-43 shows several ways of illustrating a START-STOP 
station. 

To control a magnetic switch by a pushbutton station, 
it is only necessary to connect the holding coil to the sta¬ 
tions so that when the START button is pressed, current 
will flow through the coil, and when the STOP button is 
pressed the circuit through the coil will be opened. The 
auxiliary contacts will maintain the current through the 
coil when the START button is released. Figure 8-44 and 
8-45 show a circuit diagram of a magnetic switch connected 
to a START-STOP pushbutton station. Note that the 
main lines are connected directly to the motor. This con¬ 
nection is utilized only when the motor is small and con¬ 
sumes little current. Larger motors require means of ac¬ 
celeration and will be discussed later. 

In the circuit of Figure 8-46, when the START button 
is pressed, a circuit is formed from the positive line through 
the START button, the STOP button, the holding coil M, 
to the negative side of the line. This energizes the holding 
coil and causes the main and auxiliary contacts to close. 
The main contacts close the circuit to the motor, while 
the auxiliary, or maintaining, contacts maintain the cur¬ 
rent through the holding coil when the START button is 
released. 

If the STOP button is pressed, the circuit through the 
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holding coil is opened, causing the main contacts to open 
and stop the motor. Note that the auxiliary contacts are 
connected across the START button. 

Quite often it is necessary to control the motor from 
more than one location and this is easily accomplished by 
using several pushbutton stations. Figures 8-47 and 8-48 
show two START-STOP stations controlling a magnetic 
switch. 

Three START-STOP pushbutton stations are connected 
as shown in Figures 8-49 and 8-50. It should be remem¬ 
bered that the STOP buttons must always be in series with 
one another and in series with the holding coil, so that in 
an emergency the motor can be stopped from any station. 
Any number of START-STOP stations can be added to 
control a magnetic switch if they are connected properly 
in the circuit. The important point to remember is that 
START buttons are connected in parallel and STOP but¬ 
tons in series. 

Overload Contacts. Most magnetic switches have incor¬ 
porated as part of the controller an overload relay which is 
either magnetic or thermal. The majority of switches, how¬ 
ever, are equipped with the thermal relay. As was ex¬ 
plained previously, in the event of an excessive current in 
the motor circuit, a normally closed contact connected in 
series with the holding coil would open, thereby de-ener- 
gizing the holding coil and causing the motor to stop. A 
diagram of a controller using the overload contacts is given 
in Figures 8-51 and 8-52. 

Although the overload contacts are shown connected to 
the positive side of the line, it makes no difference where 
they are connected so long as they are in series with the 
holding coil. The START-STOP station can also be con¬ 
nected differently, as, for instance, in Figure 8-53, where 
the STOP button is connected to the positive side of the 
line instead of to the holding coil as shown in previous 
diagrams. This variation has no effect on the controlling 
circuit. 
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Jogging. In the event that it is desired to run the motor 
for a very short interval of time, an additional button is 
added to the station. With this button it is possible to 
run the motor only so long as the button is depressed. If 
the finger is removed, the motor will stop without pressing 
on the STOP button. With this arrangement the motor 
can be made to run momentarily. Just as in other stations, 
the STOP button must be in the holding-coil circuit in case 
it should be necessary to use it. A circuit having a START- 
JOG-STOP station connected to a magnetic switch is shown 
in Figures 8-54 and 8-55. Figures 8-56 and 8-57 show 
connections for two-station control. Note that the JOG 
button has four contacts instead of two, consisting of two 
normally open and two normally closed contacts. This 
is only one method of connecting a JOG button in the con¬ 
trolling circuit; there are many others that are as effective, 
the connection depending on the type of station and con¬ 
troller used. The one shown here is fundamental and gives 
the student an idea of the kinds of circuit used in push¬ 
button work. 

The operation of the circuit of Figure 8-54 is as follows: 
Pressing the START button completes a circuit from the 
positive line through the overload contacts, the START, 
JOG, and STOP buttons, the holding coil, to the negative 
line. The holding coil becomes energized, the main con¬ 
tacts close, and the motor starts. The auxiliary contacts 
also close, maintaining the current in the holding coil after 
pressure is removed from the START button. Pressing 
the STOP button opens all contacts, and the motor stops. 
If the JOG button is pressed, a circuit is formed from posi¬ 
tive through the overload contacts, through the jog con¬ 
tacts, the STOP button and coil to negative, closing the 
main and auxiliary contacts. The maintaining contact 
circuit will open when the JOG button is pressed and will 
thereby be made inoperative. Thus, the maintaining cir¬ 
cuit is broken when the JOG button is depressed. 
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AUTOMATIC CONTROLLERS 

Motors larger than % hp. require resistance in the circuit 
at the start to limit the starting current to a safe value. As 
the motor accelerates, this resistance is automatically re¬ 
moved from the circuit in one or more steps, depending on 
the size of the motor and the type of controller. There 
are many methods of automatically removing the resist¬ 
ance from the motor circuit. The ones listed below will be 
described in detail: 

1. Counter e.m.f controller 

2. Lockout controller 

3. Definite magnetic time controller 

4. Definite mechanical time controller 

5. Drum controller. 

Counter E.M.F. Controller 

When the armature of a motor increases in speed, the 
counter voltage generated in the armature also increases, 
thereby reducing the current in the armature circuit. This 
reduction in current decreases the voltage drop at the arma¬ 
ture starting resistance, thereby increasing the voltage 
across the armature terminals. Therefore, if a coil de¬ 
signed to operate at a value of 50 volts is connected across 
the armature terminals, as shown in Figures 8-58 and 8-59, 
it will become operative only when voltage across the arma¬ 
ture is 50 volts or higher. The coil can be made to operate 
a contactor which will shunt part or all of the resistance 
connected in series with the armature, as illustrated by 
Figure 8-60. This shows the position of the accelerating 
contact when the motor starts. 

The operation of the circuit in Figure 8-58 is as follows: 
When the START button is depressed, the holding coil is 
energized and the main contacts are closed. This com¬ 
pletes a circuit through the starting resistance and the 
armature. The shunt field is also energized. As the motor 
accelerates, the voltage across the armature will reach a 
value where it will be sufficient to energize the coil of the 
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accelerating contactor, thereby closing the accelerating con¬ 
tacts. This cuts the resistance out of the armature circuit 
and connects the armature across the line. 

Counter e.m.f starters are also made with several steps 
of resistance and several accelerating coils instead of one. 
A three-unit type is shown in Figure 8-61. Each coil op¬ 
erates at a different voltage. As the voltage across the 
armature increases with acceleration, each coil is energized 
in succession, and its contacts short a starting resistance 
until finally the armature is connected across the line. 

On some controllers, the accelerating coil is placed in 
series with the holding coil after the accelerating contacts 
have closed; on others, a resistance is inserted in series with 
the accelerating coil to limit the current through it. Some 
counter e.m.f. starters have one large coil which operates 
several accelerating contacts. On this latter type, the ac¬ 
celerating contact arms are placed at varying distances from 
the core of the magnet. Each arm is closed in succession 
as the voltage across the coil increases and the arms in turn 
cut out resistance from the armature circuit. 

Lockout Controller 

The accelerating contactors that are used in this type of 
controller are called series-lockout contactors because the 
accelerating coils are connected in series with the armature 
and are so designed that the contacts will stay open if the 
current through the motor is large, as at start, and will 
close after the motor accelerates and the current decreases. 
Lockout contactors are designed with either one or two 
coils. In either case, the coils are connected in series with 
the armature. 

This type of controller is also known as a current-limit 
starter because the acceleration of the motor is controlled 
by the amount of current flowing through it. 

Two-coil Lockout Contactor. Figure 8-62 illustrates one 
type of two-coil, series-lockout contactor. The coils of this 
contactor are connected in series and in series with the 
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armature. The upper coil is the closing coil that tends 
to close the contacts, and the bottom coil is the lockout coil 
that tends to hold the contacts open. The coils are de¬ 
signed so that the magnetic field, or “pull,” of the lockout 
coil will predominate if heavy current flows through the 
motor. For example, when the motor starts, the contacts 
will be kept open by the initial current flow. As the motor 
accelerates and the current decreases, the pull of the upper 
coil will predominate and the contacts will close. This 
action is explained as follows: 

Figures 8-63/1, 8-63 B and 8-64 illustrate this type of con¬ 
troller with one step of resistance. When the start button 
is pressed, the main contacts close, completing a circuit 
through the closing coil, the lockout coil, the resistance, 
and armature circuit. The initial current energizes the 
lockout coil to such a degree that the contacts are prevented 
from closing. As the motor accelerates, the current de¬ 
creases to a value where the pull of the closing coil will 
predominate over the lockout coil and the contactor will 
close. This will short both the lockout coil and the re¬ 
sistance. A simple diagram of this circuit is shown in 
Figure 8-65. The shunt field is connected across the line 
throughout the operations of the controller. 

Controllers of this type are also made with two and three 
steps of resistance instead of one. One set of contacts is 
needed for each step. Figure 8-66 and 8-67 show a two- 
step controller. 

If the motor is overloaded to any degree, the pull of the 
lockout coil may cause the contacts to open and place the 
resistance in the circuit. The motor will run this way until 
the overload is withdrawn or until the motor accelerates to 
a point where the current value drops. On the other hand, 
if there is a light load on the motor, the pull of the closing 
coil will close the contacts and cause the motor to accel¬ 
erate too quickly. 

One-coil Lockout Contactor. A one-coil contactor is 
similar to the two-coil contactor in that two magnetic cir- 
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cuits are established when current flows through the coil. 
When excessive current flows through the coil, a strong 
magnetic field will be established which will tend to keep 
the contacts open. On the other hand, when a normal cur¬ 
rent flows through the coil, the magnetic field will close 
the contacts. 

Figure 8-68 illustrates this type of contactor. Note the 
two magnetic paths, one through the tailpiece B and the 
other through the metallic connection C around which a 
copper sleeve is placed. If a heavy current flows through 
the coil, a strong magnetic circuit is set up through the tail¬ 
piece, attracting it to the extension of the coil base and 
thereby keeping the contacts open. When the current flow 
drops, the magnetic path at C will become stronger and 
cause the contacts to close. The copper sleeve limits the 
flux passing through C when a heavy current is flowing, 
and consequently most of the flux passes through the tail¬ 
piece. 

There are several other types of single-coil lockout con¬ 
tactors, but all operate on the same principle of magnetic 
difference between two points. 

From Figure 8-69A, 8-695, and 8-70 it can be seen that 
when the START button is pressed, the main contacts close 
and a circuit is formed from positive through the lockout 
coil, resistance, and armature circuit to the negative line. 
After the initial high current has decreased and the motor 
has accelerated, the current through the coil will be such 
as to permit the accelerating contacts to close, cutting out 
the resistance. The current path is then through the lock¬ 
out coil and armature circuit to negative. 

Figures 8-71 and 8-72 show a series lockout controller 
having two steps of resistance. Its operation is as follows: 
Pressing the START button closes the main contacts. A 
circuit is now formed from positive through R u through 
lockout coil A , to R 2y the armature, and to negative. When 
the initial current drops low enough, contacts A close, short¬ 
ing R x and placing lockout coil B in its place. The circuit 
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is now through B, A, R 2 and the armature. After the arma¬ 
ture has accelerated sufficiently, the current will fall off 
again and contacts B will close, shorting out R 2 and placing 
only coil B in series with the armature. 

Definite Magnetic Time Controller 

Like other automatic controllers, the definite magnetic 
time controller also must cut out the starting resistance in 
steps so that the motor can accelerate gradually. However, 
the accelerating contactors for this kind of starter operate 
on a different principle from that of the others. 

The coil of the contactor has an iron core that is sur¬ 
rounded by a copper sleeve. When the coil is de-energized, 
the decaying flux will induce a current in the copper sleeve 
and cause the core to lose its magnetism slowly. This ac¬ 
tion will permit the core to retain its hold on the armature 
for several seconds or until the motor has had time to ac¬ 
celerate. On these contactors, the contacts are normally 
closed. When the coil is energized the contacts open; when 
the coil is de-energized, several seconds elapse before the 
contacts close. The amount of time that the contacts re¬ 
main open can be determined by adjusting the spring ten¬ 
sion on the contactor. 

Figures 8-73 and 8-74 are wiring diagrams of a controller 
employing this type of acceleration. An advantage of this 
starter over the others is that the acceleration does not 
depend on the speed or current flow of the motor. Its 
operation, based on Figure 8-73, is as follows: 

Pressing the START button energizes the accelerating 
coil, causing the accelerating contacts to open and the auxil¬ 
iary contacts 3 to close. This energizes the line coil, which 
closes the line contacts and auxiliary contact 4, and opens 
normally closed auxiliary contact 2. Closing of the line 
contactor establishes a circuit through the resistance and 
armature. Contact 4 provides the holding effect of the line 
coil, while contact 2, having been opened, de-energizes the 
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coil of the accelerating contact, which drops back after a 
definite time and thereby shorts the resistance from the 
circuit and places the motor across the fine. 

Definite Magnetic Time Controller with Jogging, This 
controller can be used for jogging by providing a JOG but¬ 
ton in the control circuit. Figure 8-75 shows the same 
starter as in Figure 8-74 with the JOG button added. When 
the JOG button is pressed, the accelerating coil is ener¬ 
gized and the accelerating contacts are kept open. The 
auxiliary contacts close and supply current to the line coil 
only while the JOG button is depressed. The holding cir¬ 
cuit for this coil is broken when the JOG button is released. 

Definite Magnetic Time Controller with Two Steps of 
Resistance . For larger motors, two steps of resistance are 
provided in the controller. Figure 8-76 shows a magnetic 
time starter having two accelerating contactors. The op¬ 
eration is essentially the same as that of the magnetic time 
controller except that two accelerating contactors are used 
instead of one. Contactor A x shorts out R x while A 2 shorts 
out R 2 . When the START button is pressed, coil A x is en¬ 
ergized and interlock A x closed. This in turn energizes coil 
A 2 , which closes interlock A 2 . Coils A x and A 2 open con¬ 
tactors A x and A 2y while interlock A 2 energizes coil M, which 
in turn closes the main contacts. A circuit is now com¬ 
pleted from positive through the resistance, the armature 
circuit, to negative. Coil M opens interlock M> which in 
turn opens the circuit through coil A 1} causing contactor 
Ai to close, shorting out R x after a few seconds. Interlock 
A x is opened when coil A x is de-energized; the circuit to 
coil A 2 is opened; and after a set time R 2 is shorted and the 
motor is placed across the line. 

Definite Magnetic Time Controller with Dynamic Brak¬ 
ing. It is important in many instances that a motor be 
brought to a quick stop rather than be allowed to keep 
running until it stops of its own accord. This can be ac¬ 
complished by either mechanical braking or electrical brak- 



DIRECT-CURRENT MOTOR CONTROL 


237 


ing, or both. Elevators, cranes, and trolleys are equipped 
with a mechanical brake that will quickly stop the motor. 
To prevent excessive wear on the brakes and also to help 
stop the motor quickly, the controllers used for some of 
this machinery are so designed as to make use of the gen¬ 
erating action of the motor for braking purposes. This is 
called dynamic braking. 

It was explained previously that a motor generates an 
e.m.f. opposite in direction to the impressed voltage. If, 
to stop a motor, the main switch is opened, the motor will 
continue to rotate but will gradually slow down. While 
the motor is coming to a stop, it will generate voltage if 
the shunt field remains energized. If the armature is con¬ 
nected to a resistance during this period, the generated 
voltage will drive a current through the resistance and back 
through the armature in a direction that will tend to give 
the motor a torque in a direction opposite to its rotation, 
thereby causing it to come to a quick stop. 

To accomplish this, the main contactor on a controller 
equipped for dynamic braking is constructed with two sets 
of contacts, one set of normally open contacts for the main 
line supply, the other set normally closed for dynamic brak¬ 
ing. When the START button is pressed, the holding coil 
is energized, the main line contacts are closed, and the dy¬ 
namic braking contacts are opened, as shown in Figure 
8-77. When the STOP button is pressed, the main contacts 
open and the brake contacts close. The current generated 
by the motor now flows through the resistance and into the 
armature, as shown in Figure 8-78. This will produce a 
torque in the opposite direction and cause the motor to 
come to a quick stop. 

Figure 8-79 shows a diagram of a definite magnetic time 
starter with dynamic braking added. Note that the only 
differences between this and Figure 8-74 are the addi¬ 
tion of a resistance, connected across the armature, and 
the connection of the shunt field directly across the line. 
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Definite Mechanical Time Controller 

A d-c motor can also be accelerated by mechanical defi¬ 
nite-time mechanisms. This can be accomplished by dash- 
pot timing acceleration and geared timing acceleration. 

Dashpot Acceleration. One type of dashpot mechanism 
consists of a solenoid through which an iron plunger can 
be made to rise when the coil is energized. Under ordi¬ 
nary conditions, the plunger will rise very quickly. How¬ 
ever, if the plunger is made to ascend slowly, it can be put 
to use in cutting out resistance units from a motor circuit 
in a specified time and produce gradual acceleration. 

To do this, the lower part of the plunger is attached to 
a piston which must rise in a cylinder filled with oil or air. 
When the solenoid becomes energized, the piston will be 
moved upward by the plunger. Its upward movement will 
be slow because it must force the air or oil from one com¬ 
partment to another in the dashpot cylinder. This slow 
motion is used for shorting the starting resistance in steps, 
as shown by Figure 8-80. Figure 8-81 shows a wiring dia¬ 
gram of a starter employing this type of acceleration. Its 
operation is as follows: 

Pressing the START button completes a circuit through 
the solenoid; the main contacts close; then a circuit is 
formed from positive through the main contacts, all the re¬ 
sistance, the armature, series field, to negative, with the 
result that the motor starts slowly. An auxiliary contact 
on the main switch closes and energizes the solenoid, which 
causes the plunger to rise slowly, closing contacts 1 first 
because they are the shortest distance apart. All the others 
close in succession, cutting out resistance and accelerating 
the motor gradually. 

Geared Timing Acceleration. A geared timer is similar 
to a dashpot timer in that it has a plunger which is moved 
upward when a solenoid coil is energized. The timer is so 
constructed that several contact fingers will make in suc¬ 
cession as the plunger rises. However, the amount of time 
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between the closing of each finger is governed by a simple 
adjustable pendulum similar to the escapement of a clock. 
When the plunger rises, the accelerating fingers try to close. 
This exerts a torque on the gears of the mechanism and 
causes them to rotate. The escapement allows the gears 
to turn only at a certain rate, so that the accelerating fingers 
will close at definite time intervals and in sequence. This 
type of controller is shown in Figures 8-82A and 8-82B. 

The upper half of the solenoid is energized through a nor¬ 
mally closed interlock when the START button is pressed. 
As the line contacts close, the interlock opens and inserts 
the lower half of the coil in the holding circuit. The ac¬ 
celerating fingers of the multifingered contactor close in se¬ 
quence and connect the motor across the line. 

Geared Timer with Dynamic Braking. Another type of 
starter, similar in many respects to the diagram of Figure 
8-82, but with dynamic braking, is shown in Figure 8-83. 
The dynamic braking circuit makes use of the starting re¬ 
sistance for braking purposes. When the START button is 
pressed, the solenoid coil is energized and immediately 
eloses the main contacts and opens the dynamic braking 
contacts 4- This allows the current to flow from positive 
through contact 1 , all the resistance, through the motor, to 
negative. Timing of the geared mechanism closes contacts 
2 and 8 in sequence and puts the motor across the line. 
When the STOP button is pressed, contacts 1, 2 and 3 open 
and contact 4 closes, putting the starting resistance across 
the armature, stopping the motor. The dynamic braking 
relay keeps the solenoid coil from closing until the motor 
has completely stopped. 

Drum Controller 

Drum controllers are manual switches used for trolleys, 
cranes, machine tools, and other applications where it is 
necessary to cut out resistance from the motor circuit. The 
general type of drum switch is usually made for reversing 
and accelerating. However, these switches are also designed 
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to include other operations such as braking and field ac¬ 
celeration. In appearance, the drum controller is similar to 
the drum type of reversing switch which was described 
earlier in this chapter, except that it is larger and contains 
more contacts. Inside the switch there is a cylinder on 
which is located a series of contacts, each insulated from one 
another and from the cylinder. These contacts are called 
the movable contacts . There is also a series of stationary 
contacts located inside the controller, but not on the rotat¬ 
ing cylinder, which are so arranged as to make contact with 
those on the cylinder as it is rotated. On top of the con¬ 
troller is a handle which can be moved clockwise or counter¬ 
clockwise for either direction of rotation of the motor. The 
handle may be held stationary in any desired position in 
either the forward or reverse direction by means of a roller 
and a grooved wheel. At each successive position of the 
handle the roller drops into the grooved wheel and keeps 
the cylinder from moving either way until moved by the 
operator. 

Arcing usually occurs when the contacts are moved from 
one position to another. To reduce arcing, blowout coils 
are provided in many controllers. Shields made of asbestos 
or other flame-resistant material are placed between con¬ 
tacts to prevent arc-overs. These arc shields also prevent 
short circuits caused by arcing. The shields are removable 
and easily replaced. 

A simple type of drum controller having two steps of 
resistance is illustrated in Figure 8-84. The diagram shows 
the controller rolled flat. There are two sets of movable 
contacts and one set of stationary contacts. For forward 
direction, one set of the movable contacts makes contact 
with the stationary set. For the reverse direction, the other 
set of movable contacts is in the circuit. Note that there 
are three forward positions and three reverse positions to 
which the handle can be set. 

The controller operation is as follows: In the first posi¬ 
tion, movable fingers a, b, c , and d of Figure 8-84 contact 
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the stationary contacts 7, 5, 4, and 3, The current travels 
from 7 to a, to b, to 5, and through the armature to 4* From 
4 the current flows through c, and d to 3, through all the 
resistance, to the series field, and to negative, giving the 
connections shown in Figure 8-85. On the second position, 
part of the resistance is cut out. The third position re¬ 
moves all the resistance from the circuit and places the 
motor across the line. The shunt field is across the line at 
all times. 


TROUBLESHOOTING AND REPAIR 

The procedure in locating trouble on d-c controllers is 
similar to the procedure used for a-c controllers, and a re¬ 
view of Chapter 5, Alternating-current Controllers, will be 
found helpful in locating trouble on d-c magnetic control¬ 
lers. Typical troubles that occur in manual d-c controllers 
are given below. 

1. If the motor does not start when the handle is moved 
several points, the trouble may be 

a. Burned-out fuse 

b . Open resistance unit; test by placing a 110-volt test 
lamp across adjacent contact points; the lamp should 
light; if it does not, the resistance between the two points is 
open 

c. Poor contact between the arm and the contact points; 
arcing may occur 

d. Wrong connection on starter: This may occur on four- 
point boxes when the starter is first connected; if the two 
line terminals are not connected properly, the motor will 
not start, but the handle will hold if brought to the last 
point 

e. Broken wires may cause open circuits in the armature 
or field circuits 

/. Low voltage 

g. Excessive load 

h. Loose or dirty terminal connections 
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1. An open holding coil in a three-point box. This will 
cause an open field circuit. 

2. If the handle does not hold when it is brought to the 
last point, the trouble may be 

a. An open holding coil, due to burn-out, broken leads, 
or poor contacts 

b. Low voltage 

c. Shorted coil 

d. Wrong connection 

e. Overload contacts open 

3. If the fuse blows when the handle is moved up, the 
trouble may be 

a. Grounded resistance units, contacts, or wires 

b. Handle brought up too quickly 

c. Open shunt-field circuit on starting box; in a three- 
point box, the trouble may be in the holding coil 

d. Resistance shorted out 

4. If the starting box overheats, the trouble may be 

a. Overloaded motor 

b. Handle brought up too slowly 

c. Shorted resistance units or contacts 

5. If a magnetic switch is used in conjunction with the 
manual starter, consult the troubles as listed at the end of 
Chapter 5. 



CHAPTER 9 


Universal, Shaded-pole, and 
Fan Motors 


The motors discussed in this chapter are used in a variety 
of appliances that are in common use today. 

UNIVERSAL MOTORS 

A universal motor is one which can be operated on either 
direct current or single-phase alternating current at ap¬ 
proximately the same speed. This motor is most popular 
in the fractional horsepower size and is used on household 
appliances such as vacuum cleaners, food mixers, drills, and 
sewing machines. 

Universal motors are series wound and have high start¬ 
ing torque and a variable speed characteristic. They run 
at dangerously high speed without a load, and, because of 
this, they are usually built into the device they drive. 

There are several types of universal motors in use today. 
The most popular type is similar to the small two-pole series 
motor and has two concentrated field poles. Another type 
of universal motor has a field winding distributed in slots, 
much the same as the split-phase motor. These motors are 
generally made in sizes varying from % 0 o to % hp., but 
are obtainable in much larger sizes for special applications. 

Since the universal motor is similar in many respects to 
the d-c series motor, it is advisable that the student first re¬ 
view Chapter 6, Direct-current Armature Winding, and 
Chapter 7 Direct-current Motors, before studying this 
chapter. 
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Construction of the Universal Motor 

The main parts of the concentrated-field universal motor 
are (1) frame, (2) field core, (3) armature, (4) end plates. 

The frame is a rolled steel, aluminum, or cast-iron shell 
similar to that in Figure 9-1 and large enough to hold the 
field core laminations snugly. The field poles are generally 
held in the frame by means of through bolts. Very often 
the frame is constructed to form an integral part of the 
machine it supports. 

The field core, shown with other components of the mo¬ 
tor in Figure 9-2, is constructed of laminations which are 
tightly pressed together and held by rivets or bolts. As 
shown in Figure 9-3, the laminations are designed to con¬ 
tain both field poles of a two-pole motor. 

The armature is similar to that of the small d-c motor. 
It consists essentially of a laminated core having either 
straight or skewed slots and a commutator to which the 
leads of the armature winding are connected. Both the 
core and commutator are pressed on the shaft. 

As in other motors, the end plates are located on the ends 
of the frame and held in place by screws. The plates house 
the bearings, usually of the ball or sleeve type, in which 
the armature shaft revolves. Many universal motors con¬ 
tain an end plate which is cast as part of the frame. Only 
one plate can be removed from this type of motor. Brush 
holders are usually bolted to the front end plate, as illus¬ 
trated in Figure 9-4. 

Operation of the Universal Motor 

The universal motor is so constructed that when the arma¬ 
ture and field coils are connected in series and the current 
applied, the magnetic lines of force created by the fields 
will react with the lines of force created by the armature 
and cause rotation. This is true regardless of whether the 
current is alternating or direct. 
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Rewinding the Field Coils 

Nearly all universal motors are two-pole machines and 
therefore have two field coils. Just as in the d-c series 
motor, the field-pole windings consist of relatively few turns 
of wire. Thus, there may be a few hundred turns on each 
coil in contrast to several thousand on a shunt-field coil. 

If new field coils are to be made, proceed in the following 
manner: 

Remove the old coils from the core. These are usually 
held in place by one or two pins, shown in Figure 9-5, which 
are forced through a small hole in the field core and must 
be removed first. Some field coils are secured to the core by 
a thin iron clamp that extends from one side of the coil to 
the other, as shown in Figure 9-6. Sometimes a piece of 
fiber is wedged from one field coil to another, as shown in 
Figure 9-7. The shape of the field coils is illustrated in 
Figure 9-8. 

Remove the tape from the coils; then record the wire 
size and the number of turns in each coil. The insulation 
of the wire is usually enamel or Formvar. Use the same size 
of wire with the same kind of insulation. 

Flatten the coil to a rectangle like that shown in Figure 
9-9, to make a form for the new coil. Before taking meas¬ 
urements for the form, remove all the tape covering so that 
the new coil will be the same size as the old coil. If the 
coil is made slightly smaller, there will be difficulty in put¬ 
ting the coil on the core. On the other hand, if the coil is 
made large, it may take up too much room and perhaps 
prevent assembly of the end plate on the frame. 

Cut a piece of wood to the dimensions of the inside of 
the coil. This will be the form on which the new coil will 
be wound. To facilitate removal of the coil after it is 
wound, taper the sides slightly and place one turn of in¬ 
sulating paper around it. To hold the coil in position while 
winding, bolt two sidepieces to the form, as in the assembly 
shown in Figure 9-10. Place the form in the lathe or wind- 
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ing machine and wind the proper number of turns of the 
right size of wire on the form. Tie the coil before removing 
it, using the slits cut in the sidepieces as guides. 

Splice flexible leads to the ends of the coil wire. Be sure 
to tie the leads to the coil to prevent pulling them out ac¬ 
cidentally. Tape the coil with one layer of varnished cam¬ 
bric and one layer of cotton tape wrapping the coil, as 
shown in Figure 9-11. Shape the coil so that it is like the 
original, and then paint or varnish it. After it dries, place 
it on the core and secure it in the original manner. 

If the coil fits tightly, be careful not to scrape the corners 
on the core; otherwise the wires may ground or break. It 
is good practice to place insulation at the corners of the 
coils to eliminate this possibility. Do not pull on the leads 
while putting the coils in place because this can loosen or 
break the connections. 

Connecting the Field Coils and Armature 

The field poles of a universal motor are connected in series 
for opposite polarity, just like the poles of any d-c motor. 
The methods of testing the field poles for correct polarity 
are the same as those used on d-c poles, namely, the nail 
test shown in Figure 9-12 or the compass method. These 
are preferred, but another way, as explained in Chapter 7 
is to connect the two fields in series without regard to polar¬ 
ity and then reverse the leads of one pole if the motor does 
not run. 

As in the case of all two-pole series motors, both fields 
are connected in series as described above and then in series 
with the armature, as shown in Figure 9-13. Figure 9-14 
shows that one line wire is brought from the armature and 
the other line wire from the field. 

Another method of connecting the universal motor is to 
connect the armature between the two field coils, as shown 
in Figure 9-15. The end of the first field coil is connected 
to one side of the armature, and the other side of the arma¬ 
ture is connected to the next field pole. 
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Reversing the Universal Motor 

Ill a universal motor of the concentrated field type, the 
direction of the rotation is changed by reversing the flow of 
current through either the armature or the field coils. The 
usual method is to interchange the leads on the brush hold¬ 
ers. Figure 9-16 shows this motor connected for clockwise 
rotation and Figure 9-17 for counterclockwise rotation. 

On many universal motors, especially those in which the 
brush holders cannot be shifted, reversing the rotation will 
cause severe arcing and sparking at the brushes, because 
most of these motors are made for specific application and 
are wound for operation in only one direction. Reversing 
the direction will cause the brushes to be off the required 
sparkless plane. The only way in which these motors can 
be reversed without causing sparking is to relocate the leads 
on the commutator. This will be more fully discussed later. 

Winding the Armature 

Armatures for universal motors are wound in the same 
manner as those for small d-c motors. Just as in any arma¬ 
ture or stator, the first step in rewinding is to secure suffi¬ 
cient accurate information concerning the old winding to 
enable the repairman to rewind the armature with the cor¬ 
rect turns, coil pitch, lead throw, and size of wire. 

Taking Data . Before data on an armature are taken, 
there are a few pertinent facts about universal armatures 
that will help in gathering the necessary information. These 
are as follows: 

All two-pole universal armatures are lap wound with the 
beginning and end leads of a coil connected to adjacent 
commutator bars, as in Figure 9-18. Most universal arma¬ 
tures are also loop wound, as in Figure 9-19. After one coil 
is wound, a loop is made and then the next coil is wound. 
Nearly all universal armatures contain two coils in each 
slot, and there are twice as many commutator bars as slots. 
It also means that there are two loops for each slot. There 
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are also one- and three-coil-per-slot universal armatures, 
but in this section discussion will be confined to two-coil- 
per-slot armatures. 

Proceed in the following manner in taking data on a 
universal armature: Count and record on a data sheet the 
number of slots and commutator bars. Align the center of 
a slot with a string or straight edge and see if it lines up 
with a bar or mica. Record this on the data sheet by mak¬ 
ing a drawing such as Figure 9-20. Find the pitch of the 
coils by counting the slots between the top completely ex¬ 
posed coil, and record it on the data sheet as 1 and 6 or 1 
and 7, as the case may be. Figure 9-21 illustrates a 1 and 6 
pitch. The pitch of the armature coils is always approxi¬ 
mately one-half the total number of slots for a two-pole 
motor. 

Lead Throw. All the data so far recorded have been ob¬ 
tained without removing any wires from the armature. The 
remainder of the information is gathered during the process 
of stripping the armature. The lead throw is the informa¬ 
tion to be secured next. This should be as exact as pos¬ 
sible, although it may be difficult to achieve accuracy be¬ 
cause of the varnish on the windings. This information is 
important if sparkless operation is desired. 

The following method is used to determine the correct 
lead throw: 

Carefully unwind several coils and mark on the commu¬ 
tator exactly where the beginning and end leads of at least 
two adjacent coils are located. Thus, as a coil is unwound 
to a loop, mark the slots of the coil and the commutator bar 
lightly with a center punch. Record whether this is the 
loop of the first or second of the two coils in the slot. Fig¬ 
ure 9-22 illustrates this procedure. The leads of the coils 
to be taken out are still attached to the bars and are re¬ 
moved as each coil is unwound. As coil 7 is removed, the 
beginning lead of this coil can be seen attached to commu¬ 
tator bar 3. This is three bars to the right of the slot in 
which coil 7 is wound. The ^commutator bar, as well as the 
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slots of coil 7, should be marked. This information should 
be recorded on the data sheet accompanied by a diagram 
like that in Figure 9-22. In this method it is assumed that 
the coils can be unwound. On some armatures the varnish 
on the coils may make this impossible. 

When this armature is to be rewound, the first coil is 
started in the marked slots and the first lead is put in bar 3. 
All loops follow in sequence. 

Figure 9-22 shows that the wires are unwound in a clock¬ 
wise direction, indicating that the coils were wound in a 
counterclockwise direction. Also, it will be noted that the 
coils progress to the left/ This information, too, is recorded. 

The number of turns per coil is obtained as the coils are 
unwound, and the size of wire is measured with a wire 
gauge or micrometer. 

Usually the armatures are varnished and baked to such 
an extent that it is extremely difficult to unwind the coils. 
This is especially true of the topmost coils. In this event 
the first four or five coils, or more, are cut off in order to 
reach a coil that can be unwound. If the coils are burned 
or charred, unwinding is usually a simple operation. It is 
only necessary to unwind a sufficient number of coils to 
obtain the data; all other coils can be cut and pulled out. 
All wedges must be removed before the coils are unwound. 

Using the Growler to Obtain Lead Throw. If the arma¬ 
ture is not completely shorted or open, a simpler method 
can be used to obtain the lead data. The procedure is as 
follows: 

Place the armature on a growler, as illustrated in Figure 
9-23. If a coil is shorted, a hack-saw blade will vibrate 
when placed over the slot in which the shorted coil is lo¬ 
cated. If two bars are shorted, the same effect will be pro¬ 
duced over two slots. This is the principle used to obtain 
lead throw. 

Short-circuit two bars with a piece of wire, and then with 
a hack-saw blade locate the slot which causes the blade to 
vibrate. Turn the armature so that this slot is on top. 
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Short-circuit the next two bars and see if the hack-saw 
blade vibrates on the same slot. If it does, mark the three 
bars that were used for this test, and also mark the slots of 
the coils which caused the blade to vibrate. 

After recording all the data, the entire armature is 
stripped, and all the old insulation removed. New insula¬ 
tion of the same thickness is used, but it is cut to extend 
above the slots about in. and on both ends of the slot 
about Vie in. 

It is important that the commutator be tested for shorts 
and grounds before the new winding is put on and also that 
slots be cut in each bar to hold the loops. Be sure that the 
width of the slots in the commutator is the same as the 
diameter of the wire with which the armature is wound. 

Winding Procedure. The method of rewinding the arma¬ 
ture of a universal motor is similar to that presented in 
Chapter 6. Briefly, the procedure is as follows: 

Start with any slot, wind the required number of turns 
into the slots of the proper pitch, and make a loop. Wind 
the same number of turns into the same slots as the first 
coil and make another loop. Wind the next two coils into 
the next slot. Vary the lengths of the loops so that the 
leads can be identified when they are placed in the commu¬ 
tator bars. Identification may also be provided by using 
sleeving of different colors on the leads. 

Some slight differences will be found in different motors; 
for example, on some armatures the coils are wound in a 
clockwise direction, and on others they are wound counter¬ 
clockwise. In addition, the coils may progress in a right- 
hand direction or in a left-hand direction. In some arma¬ 
tures the coil leads are on the front of the winding and on 
others on the back or pulley side. Too, the leads on some 
armatures will be found on the left side of the coil, while 
on others they are located on the right side. The best pol¬ 
icy to follow is to rewind an armature exactly as it was orig¬ 
inally wound. If the armature coils were originally wound 
in a clockwise direction, as in Figure 9-24, rewind them that 
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way. If the coils were wound counterclockwise, then re¬ 
wind them in that direction, as shown in Figure 9-25. If 
the leads or loops were originally located on the right-hand 
side of the coil, as illustrated in Figure 9-26, rewind them 
that way. This also applies to loops placed on the left-hand 
side of the coil, as in Figure 9-27. 

Sometimes, as shown in Figure 9-28, the armature leads 
are located at the back of the armature, and in this case 
the leads are brought through the slots so that they can be 
connected to the commutator. 

Position of Leads in Commutator. It is important that 
the position of the leads in the commutator should be 
exactly the same as in the original winding. If the leads are 
placed one or two bars from the correct position, severe 
sparking will occur. The position of the leads is usually 
determined by the direction of rotation of the motor and 
will be different for one direction of rotation from the posi¬ 
tion for another. However, some universal motors are de¬ 
signed to operate equally well in either direction, although 
most of them are made for operation in one direction. 

If the motor is designed for clockwise rotation, the leads 
of a coil are usually placed two or three commutator bars 
to the right of the coil, as shown in Figures 9-29 and 9-30. 
For counterclockwise rotation, the leads are usually con¬ 
nected several bars to the left of the coil, as shown in Fig¬ 
ures 9-31 and 9-32. For rotation in either direction, the 
leads should be midway between those for clockwdse and 
counterclockwise rotation. 

If the armature coils were originally wound in a clock¬ 
wise direction but are rewound counterclockwise, the motor 
will run in the opposite direction and spark badly. Re¬ 
versing the brush leads will reverse the motor and also stop 
the sparking. 

Distributed-field Compensated Motor 

This type of universal motor, the essential parts of which 
are shown in Figure 9-33, has a stator core similar to that 
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of the split-phase motor and an armature similar to that 
of the concentrated-field motor. There are two types of 
distributed-field universal motors. One type is called the 
single-field compensated motor and has one stator winding. 
The other is called the two-field compensated motor and 
has two stator windings. 

The two-pole, single-field compensated motor has a stator 
winding like the main winding of a two-pole, split-phase 
motor. The fields are wound into the slots of the stator in 
the same manner. The field poles must be of opposite 
polarity and connected in series with the armature. Motors 
of this type are also constructed with four or more poles. 
To reverse this motor, interchange either the armature or 
field leads and shift the brushes against the direction in 
which the motor will rotate. The extent of the brush shift 
ordinarily amounts to several bars. 

The two-field compensated motor has two windings in 
the stator, a main winding and a compensating winding. 
These are like the running and starting windings of a split- 
phase motor and are located 90 electrical degrees from one 
another. The compensating winding is used to reduce the 
reactance voltage present in the armature when it is oper¬ 
ating on alternating current. This voltage is caused by the 
alternating flux, and its effect is to reduce the voltage in the 
armature with a consequent loss in speed and power. 

Stripping and Winding. When a compensated universal 
motor is stripped, it is essential that the slots be accurately 
marked so that the new winding will be located pole for 
pole in the same slots as the original winding. If the new 
winding is located one slot out of the way, severe sparking 
will occur. The only remedy for this is to shift the brushes 
or rewind. 

When this motor is rewound, the main winding is usually 
placed in the slots first, and the compensating winding is 
put over this 90 electrical degrees away. Skein or form 
winding is generally used for the stator coils. A connec¬ 
tion diagram of a two-pole compensated motor is shown in 
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Figures 9-34 and 9-35. Note that the main field, compensat¬ 
ing field, and armature are in series. 

Two poles are usually found in small motors, and four or 
six poles are used in the larger universal motors. The main 
poles are usually wound with only one or two coils per pole, 
and the compensating poles have three or four coils per 
pole. A layout diagram of a twelve-slot, two-pole motor is 
shown in Figure 9-36. To reverse this motor, either the 
main winding leads or the compensating winding and arma¬ 
ture as a unit are interchanged. The brushes do not have 
to be shifted. 

Speed Control of Universal Motors 

The speed of a universal motor can be regulated by in¬ 
serting resistance in series with the motor, by using a tapped 
field, or by means of a centrifugal device. 

Resistance Method. The speed of small universal motors 
such as those used on sewing machines is varied by a small 
variable resistance connected in series with the motor, as 
shown in Figure 9-37. The amount of resistance in the cir¬ 
cuit is varied by means of a foot pedal and may consist of 
a carbon pile or resistance wfire. 

Another type of speed control on small universal motors, 
which is illustrated in Figure 9-38, consists of two carbon 
blocks which are manually pressed tightly together for 
high-speed operation. As these blocks are slowly moved 
apart, they allow less current to flow and consequently slow 
down the motor. These motors start on very slow speed 
because the speed switch separates the carbons at start. As 
the switch is moved, it causes the carbons to increase their 
pressure, thereby allowing more current to flow. When the 
carbon blocks are separated entirely, a fixed resistance re¬ 
mains in the circuit, as shown in Figure 9-38. The capaci¬ 
tor is used to reduce arcing. 

Tapped Field. The speed of some universal motors is 
controlled by tapping one field pole at various points, as 
illustrated in Figure 9-39, thereby varying the field strength 
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and consequently the speed. The field pole is wound in 
several sections, with different sizes of wire and taps brought 
out from each section. Another method is to wind Ni- 
chrome resistance wire over one field pole and bring taps 
out from this. The lowest speed is obtained when the en¬ 
tire winding is in the circuit ; medium speed, when part of 
the field is out of the circuit; and high speed, when this 
winding is eliminated. 

Centrifugal Device. Many universal motors, such as 
those used for home food mixers, have a number of speeds. 
Selection is usually made by a centrifugal mechanism lo¬ 
cated inside the motor and connected, as shown in Figure 
9-40. The switch can be adjusted by means of an external 
lever. If the motor runs above the speed set by the lever, 
the centrifugal mechanism will open two contacts and insert 
resistance in the circuit, which will in turn cause the motor 
speed to decrease. When the motor slows, the two contacts 
close and short the resistance so that the motor runs faster. 
This process is repeated so rapidly that the variation in 
speed is not noticeable. 

The resistance is connected across the two governor con¬ 
tacts, as shown in Figure 9-40. Since sparking will occur 
with the opening and closing of these contacts, a small 
capacitor is connected across them in order to reduce the 
sparks and prevent pitting of the contacts. As many as 
sixteen different speeds can be obtained in this manner. 

Troubleshooting and Repair of a Universal Motor 

Testing . Both the field winding and the armature must 
be tested for defects before and after assembly. The fields 
must be tested for grounds, shorts, opens, and reverses in 
the same manner as d-c fields are tested. All these tests 
are described fully in Chapter 7 on d-c motors. In the case 
of universal motors with distributed-field windings, the 
method described in Chapter 1, Split-phase Motors, is to be 
followed. Because the armature of the universal motor is 
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like the d-c armature, the tests are the same. Refer to 
Chapter 6 for the methods used in determining and locat¬ 
ing defects in d-c armatures and commutators. It should 
be remembered that before an armature is rewound, the 
commutator should be tested for shorts and grounds. 

Repair. The troubles encountered in universal motors 
are the same as those found in d-c motors. All the troubles 
and their remedies listed below have been discussed in 
Chapters 6 and 7. 

1. If the motor sparks badly, the trouble may be 

a. Wrong lead position on the commutator 

b. Shorted field poles 

c. Open armature coils 

d. Shorted armature coils 

e. Reversed coil leads 
/. Worn bearings 

g. High mica 

h. Wrong direction of rotation 

2. If the motor runs hot, the trouble may be 

a. Worn bearings 

b. Dry bearings 

c . Shorted coils 

d. Overload 

e. Shorted fields 

/. Brushes off-neutral 

3. If the motor smokes, the trouble may be 

a. Shorted armature 

b . Shorted fields 

c. Worn bearings 

d. Wrong voltage 

e. Overload 

4. If the motor has poor torque, the trouble may be 

a. Shorted coils 

b . Shorted field 

c. Wrong brush position 

d . Worn bearings 
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SHADED-POLE MOTORS 

The shaded-pole motor is a single-phase a-c motor vary¬ 
ing in size from approximately Moo to Mo hp. It is used 
for applications requiring very low starting torque, such as 
fans and blowers. A typical shaded-pole motor is illus¬ 
trated in Figure 9-41. 

Construction of the Shaded-pole Motor 

The main parts of a shaded-pole motor are shown in Fig¬ 
ure 9-42. These are a stator or field frame, a rotor, and 
end plates. 

The stator is usually of the concentrated-field type and 
has a laminated core consisting of salient field poles on 
which a coil of wire is placed. The poles are provided with 
a slot near one end in which a solid copper coil of one turn, 
called the shading coil, is placed. Many shaded-pole mo¬ 
tors have a slotted stator like that of a split-phase motor in 
which the winding is placed in the slots. 

All shaded-pole motors have rotors of the squirrel-cage 
type, such as are used on split-phase and polyphase motors. 

On many of these motors only one end plate can be re¬ 
moved, the other being cast as part of the frame. The end 
plates are fitted with either ball or sleeve bearings. 

Operation of the Shaded-pole Motor 

All single-phase induction motors require an auxiliary 
winding to provide the motor with a starting torque. On 
split-phase and capacitor motors, a starting winding located 
90 electrical degrees from the running winding is used for 
this purpose. A shaded-pole motor also requires a starting 
winding, but in this case it usually consists of just one closed 
turn of heavy copper wire embedded in one side of each 
stator pole. 

On starting, a current is induced into the shaded poles 
from the main poles. The shading coils establish a mag¬ 
netic field which is out of phase with that established by the 
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main fields, and a revolving field is produced sufficient to 
give the desired starting torque. When the motor reaches 
speed, the effect of the shading coils is negligible. 

Shaded-pole Windings 

The ordinary shaded-pole motor has projecting field poles 
on which are placed the shading turns, as shown in Figure 
9-43. The coils that fit over the poles are usually wound 
on forms like those used for winding d-c field poles and 
universal-motor fields of the concentrated type. Leads are 
connected to the coil ends, and the entire coil is taped and 
placed over the pole. The field coils are held in position in 
the same manner as the universal field coils described at the 
beginning of this chapter. 

In rewinding, be sure to put back the same number of 
turns of the same size wire with the same insulation. Also, 
be certain that the new coils are the same size as the old 
ones, otherwise difficulty may be encountered in slipping 
them over the poles. It is good practice to put insulating 
paper on the corners or around the core to prevent the coil 
from grounding. 

These motors are made for two, four, six, and eight poles, 
and adjacent poles are connected for alternate polarity. A 
connection diagram of a concentrated-field type, four-pole 
shaded-pole motor is shown in Figure 9-44. 

Shaded-pole motors are also constructed with a stator 
similar to that used in split-phase motors. The stator has 
a distributed winding that is wound in the same manner as 
that of the split-phase motor. Instead of the solid copper 
ring used in the concentrated type, the shaded winding con¬ 
sists of coils of wire that are wound into the slots. A typi¬ 
cal layout of the main and shaded winding of a four-pole, 
twelve-slot motor is shown in Figure 9-45, and a wiring 
diagram is shown in Figure 9-46. Note that the shaded 
winding is connected for alternate polarity and closes on 
itself. Note also that it occupies only about one-third of 
a pole side. 
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Reversing a Shaded-pole Motor 

Some shaded-pole motors are so constructed that they can 
be reversed merely by throwing a switch. Most of them, 
however, cannot be reversed unless they are taken apart. 
To reverse this type of motor, disassemble the motor, re¬ 
verse the stator end for end, and reassemble. Because the 
direction of rotation of a shaded-pole motor is from the 
main pole to the shaded pole, it can be seen that in Figure 
9-47 the direction will be clockwise and in Figure 9-48 
counterclockwise. This method of reversing must be used 
if the motor is not externally reversible. 

One type of shaded-pole motor that can be reversed ex¬ 
ternally has one main winding and two separate shaded 
windings. The stator of this motor has slots into which 
the windings are placed. The main winding is usually dis¬ 
tributed over several slots but may have only one coil per 
pole. 

Each of the two shaded-pole windings has as many poles 
as the main windings, but only one shaded winding is used 
at a time. One shaded winding forms a pole at one side of 
each main pole; the other forms a pole on the other side. 
This is illustrated in Figure 9-49, where a complete pole 
consists of one main coil and two shaded coils. A typical 
layout of a twelve-slot, four-pole motor is shown in Figure 
9-50. Figure 9-51 shows a diagram of the connections for 
this motor. The main poles are connected in series for 
alternate polarity and so are the shading poles. When rota¬ 
tion is desired in a certain direction, the circuit of one 
shaded winding is closed and the other is left open, as shown 
in Figure 9-51. 

To reverse the motor, it is necessary to open the closed 
shaded-winding circuit and close the other shaded-winding 
circuit. Thus, the position of the shaded poles is changed 
with reference to the main poles. 

Another type of reversible shaded-pole motor has two 
main windings and one shaded-pole winding. Figure 9-52 
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shows two poles of this winding, and Figure 9-53 presents 
a typical layout of a four-pole, twelve-slot motor. The 
shaded-pole winding on this motor may be of the wound 
type, or it may have a single closed piece of copper. For 
clockwise direction, one main winding is used, while the 
other main winding is open. For counterclockwise direc¬ 
tion, the main windings are reversed. 

The procedure for testing and trouble shooting of these 
two motor types is the same as for other types of motors 

FAN MOTORS: SPEED CONTROL 

This section deals with the methods used for obtaining 
a variety of speeds from different types of motors when used 
on fans and blowers. These motors have been discussed in 
detail earlier in this chapter and in the chapters on split- 
phase, capacitor, and polyphase motors. Only the methods 
of varying the speeds of these fan motors will be discussed. 

Floor-type Fans 

Either split-phase or capacitor motors are used for floor 
fans. The split-phase, two-speed motors are generally made 
with two running windings and either one or two starting 
windings, depending on the manufacturer. Schematic dia¬ 
grams of two of these motors are shown in Figures 9-54 and 
9-55. 

A three-speed, split-phase motor is shown in Figure 9-56. 
The three speeds are obtained with only three windings: 
one running, one auxiliary, and one starting winding. The 
running and auxiliary windings are wound in the same slots, 
and the starting winding is located 90 electrical degrees 
away. For high speed, the running winding is connected 
across the line, and the starting winding is connected in 
series with the auxiliary winding across the line. For 
medium speed, the running winding is connected in series 
with half the auxiliary winding, and the starting winding is 



260 


ELECTRIC MOTOR REPAIR 


connected in series with the other half of the auxiliary wind¬ 
ing. For low speed, the running and auxiliary windings are 
in series across the line, and the starting winding is con¬ 
nected across the line. Actually a tap at the inside point 
of the auxiliary is brought out for medium speed. A cen¬ 
trifugal switch is connected in series with the starting wind¬ 
ing. This motor is used also on wall fans. 

In another type of split-phase fan motor with two speeds, 
only a running winding and a starting winding are neces¬ 
sary. A four-pole motor will be considered although these 
motors are made for a variety of poles. For high-speed 
operation, the four running poles are connected in two cir¬ 
cuits to produce alternate polarity in adjacent poles. For 
low-speed operation, the four poles are connected in series 
to produce the same polarity in two adjacent poles. The 
latter is a consequent-pole connection and will cause four 
additional poles to be formed between the main poles. 
Therefore, the motor will rotate at the slower, eight-pole 
speed. In both cases, the starting winding is connected 
across the line. There are two salient starting poles with 
consequent-pole connection, producing four poles for both 
speeds. Four leads are usually brought out of the motor. 
A diagram of this motor is shown in Figure 1-57. 

Two-speed capacitor motors are also used for floor fans. 
One type is similar to the split-phase motor of Figure 9-54 
except that a capacitor is included in the starting-winding 
circuit as illustrated in Figure 9-57. 

Another type of capacitor motor used for two-speed floor 
fans is the tapped-field, capacitor-run motor. This motor, 
illustrated in Figure 9-58, does not use a centrifugal switch. 
For three speeds, the auxiliary winding is tapped at the cen¬ 
ter point, and a lead is brought out for medium speed, as 
shown in Figure 9-59. This motor is similar to the three- 
speed, split-phase motor, except that the centrifugal switch 
is removed and a capacitor substituted. This motor is used 
extensively for blowers in air-conditioning systems. 
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Wall and Desk Fans 

Wall and desk fans are of many types and range from 
universal through split-phase, capacitor, shaded-pole, and 
three-phase types. All operate on single-phase current. 

The universal type has a resistance unit in the base to 
vary the speed and is connected as shown in Figure 9-60. 
A lever that extends outside the base is used to insert the 
resistance in the circuit. 

Split-phase motors for use on wall fans are wound like 
the ordinary split-phase motor, but many do not have a 
centrifugal switch. A special type of autotransformer, lo¬ 
cated in the base of the fan, as shown in Figure 9-61 is used 
to change the speed and also to produce an out-of-phase 
current in the starting winding. The primary of the trans¬ 
former is tapped for different speeds and is connected in 
series with the main winding. The starting winding is 
connected across the transformer secondary. These motors 
are usually wound for six poles. 

A capacitor motor for a wall fan is shown in Figure 9-62. 
This contains a capacitor of approximately 1 (jf in the 
starting-winding circuit. To increase the effective capacity 
and consequently the starting torque of this motor, the 
capacitor is connected across an autotransformer. The taps 
on the transformer permit a choice of various speeds. 

Fans for Unit Heaters 

Unit heaters are usually suspended from the ceiling of 
large rooms and are equipped with a fan or blower that dis¬ 
tributes the heat generated in the heater. The fan or blower 
motor is usually connected to an autotransformer for speed 
variation and is controlled from a snap switch connected to 
the autotransformer unit, as shown in Figure 9-63. The 
motors are generally of the single-value, capacitor-run type. 
To decrease the speed of this type of motor, the voltage in 
the running and starting windings is lowered by means of 
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the autotransformer. The lower the impressed voltage is, 
the slower the motor will run. 

Different manufacturers use different methods for vary¬ 
ing the speed. On some motors only the running-winding 
voltage is varied while the voltage in the starting winding 
is held constant. On other motors the running winding 
consists of two sections connected in series across 220 volts 
for high speed. If low speed is desired, the two sections are 
connected to 110 volts through an autotransformer. Usu¬ 
ally, these unit-heater motors are connected for three speeds. 

Many fans are made with a motor of the shaded-pole 
type. The speed of these motors is varied by inserting a 
choke coil in series with the main winding, as shown in 
Figure 9-64. Taps on the choke coil provide the different 
speeds. 

Some fan motors have a three-phase, star-connected 
winding but are operated on single phase. In this motor, 
one winding has several coils of Nichrome resistance wire, 
as shown in Figure 9-65, which causes the current in the 
winding to be out of phase with the others. Another wind¬ 
ing is connected in series with an inductance located in the 
base of the fan and tapped to provide the various speeds. 
The third phase is connected to the line. The resistance 
and inductance produce the revolving field that causes the 
rotor to turn. 

Single-speed Fan Motors 

Blower and large fan motors are usually wound and con¬ 
nected for three-phase current and are generally single 
speed. One such type, shown in Figures 9-66 and 9-67, 
has 48 slots and 24 coils and is connected series star for 8 
poles. The coils of this motor are placed in alternate slots, 
one coil occupying two complete slots. If designed for two- 
voltage operation, it is connected series delta for low voltage 
and series star for high voltage. Six wires must be brought 
from this motor for two-voltage operation. 
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Direct-current Generators; 
Synchronous Motors and Generators; 
Synchros; Electronic Control of Motors 


The difference between a motor and a generator should 
be clearly understood before the subject of d-c generators 
is studied. It was pointed out previously that a motor is a 
machine that, when supplied wfith electric current, can be 
used for mechanical work, such as running an elevator or 
driving a pump. A generator, on the other hand, is a ma¬ 
chine that is driven by mechanical means, such as a steam 
engine, diesel engine, or electric motor, and produces elec¬ 
tric current. Direct-current generators are rated in kilo¬ 
watts and range in size from a fraction of a kilowatt to sev¬ 
eral thousand kilowatts. Figure 10-1 illustrates a d-c 
generator of medium size. 

DIRECT-CURRENT GENERATORS 

Direct-current generators are similar to d-c motors in ap¬ 
pearance and construction. They have the same types of 
armature and field poles and are generally identical. For 
this reason, a d-c generator can easily be converted into a 
motor, and likewise a motor can easily be converted into a 
generator. 

Operation of the D-C Generator 

If a conductor is moved across the lines of force in a mag¬ 
netic field, as shown in Figure 10-2, a voltage will be in¬ 
duced in the conductors. This voltage can be measured by 
connecting a voltmeter across the terminals of the conduc- 
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tor. If several conductors are connected in series (like turns 
of a coil), the value of the voltage generated will be equal 
to the sum of the voltages generated in each conductor. 
The value of the generated voltage also depends on the 
strength of the magnetic field and the speed with which 
the conductors cut the magnetic field. The stronger the 
magnetic field the greater the voltage; likewise, the higher 
the speed of cutting the larger the voltage. 

If the conductor shown in Figure 10-2 is moved down¬ 
ward, as shown in the illustration, the current induced in 
the conductor will flow in the direction indicated by the 
arrows. When the conductor is moved upward, the current 
will flow in the opposite direction. This observation shows 
that the direction of current flow depends on the motion of 
the conductor. Similarly, a change in the direction of the 
magnetic lines of force will also cause a change in the direc¬ 
tion of the induced current. 

Figure 10-3 shows a conductor wound like an armature 
coil with leads connected to a two-bar commutator. If the 
armature is rotated, the conductor will cut the lines of force, 
and direct current can be obtained from the brushes riding 
on the commutator. 

Thus three factors are needed to generate electricity. 
These are (1) magnetic lines of force (flux), (2) a conduc¬ 
tor, and (3) cutting of the flux lines by the conductor. 

The three methods of producing the lines of force neces¬ 
sary in generating electricity are as follows: 

1. Use of permanent magnets as in magnetos. 

2. Excitation of the generator field coils with direct cur¬ 
rent from a battery or small generator (separate excita¬ 
tion). 

3. Excitation of the field coils by current from the arma¬ 
ture (self-excitation). 

The Separately Excited Generator 

When the field coils are connected to an outside source 
of electricity, the generator is known as a separately excited 
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generator. Figure 10-4 shows a two-pole shunt generator 
with the field coils energized by a battery. When the arma¬ 
ture rotates in the magnetic field, current is supplied to the 
load. 

The Self-excited Generator 

Most generators use some of the current generated in the 
armature to supply excitation current to the fields. This 
type is called a self-excited generator. Figure 10-5 shows 
the shunt field connected to the armature. At standstill, 
the magnetic field is due only to residual magnetism of the 
field core and is very weak. When the armature rotates, 
the conductors cut this weak flux and generate a very low 
voltage that will excite the field coils slightly and create 
additional lines of force. Because the armature now turns 
in a stronger magnetic flux, it will generate higher voltage 
and cause more current to flow to the fields, which in turn 
will produce more lines of force. This action continues 
until the field poles saturate magnetically. This process 
in which the voltage increases in a generator is called “the 
building-up process.” 

There are three types of self-excited generators; the series 
generator, the shunt generator, and the compound gen¬ 
erator. 

The Series Generator. The series generator was used at 
one time for street lighting and is seldom encountered nowa¬ 
days. The circuit of a series generator is shown in Figure 
10-6. The connections are like those of a series motor with 
the load replacing the current source. The armature, fields, 
and load are all connected in series. If the load is discon¬ 
nected from the generator terminals, the circuit through the 
generator will be open, and consequently no current can flow 
through the field coils and no voltage will be generated. 
If a small load such as a lamp is connected, a small current 
will flow through the generator. This will create a small 
magnetic flux and a low voltage will be generated. If a 
heavier load is put on the generator, a greater current will 
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flow, and consequently more lines of force will be produced 
and a higher voltage generated. Thus, as the load on a 
series generator is increased, the lines of force are increased 
and these in turn increase the generated voltage. This is 
one of the characteristics of a series generator: The voltage 
at no load is zero and it increases to a maximum at full 
load. 

The Shunt Generator . The field coils of the shunt gen¬ 
erator are connected across the armature terminals, as. illus¬ 
trated in Figure 10-5. The field strength, therefore, is prac¬ 
tically constant regardless of load. However, as the load is 
increased, the terminal voltage will decrease because of an 
increased voltage drop within the armature. One charac¬ 
teristic of the shunt generator is therefore that a slight 
drop in voltage occurs as the load is increased. The voltage 
at no load is maximum and decreases slightly as the load 
is increased. 

The Compound Generator. There are several types of 
compound generators, the most common being the short- 
shunt cumulative generator. Like the d-c motor of the 
same name, this has the shunt field connected across the 
armature, and the current flow in the shunt field is in the 
same direction as in the series field. This generator can also 
be connected long shunt. 

Diagrams of the short-shunt connection are shown in 
Figures 10-7 and 10-8. This generator usually supplies 
constant voltage regardless of load, but its regulation can 
be varied by changing the number of turns in the series field 
winding or by using a resistor across the series field to vary 
the current through it. This is called a diverter. In gen¬ 
eral, the characteristic of a compound generator is a com¬ 
bination of the characteristics of both the series and shunt 
generators. 

By changing the number of turns in the series field, it is 
possible to obtain three types of compound generators. 
These are called (1) an over-compounded generator, (2) a 
flat-compounded generator, and (3) an under-compounded 
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generator. These generators are designed as such and have 
the desired series turns to obtain the characteristics de¬ 
scribed below: 

1. If the turns on the series field are increased over the 
number necessary to give the same voltage output at all 
loads, the generator will be over-compounded. This means 
that as the load is increased, the generated voltage increases. 
At no load, normal voltage is obtained, but as the load is 
increased to full load, the voltage rises approximately 5 per 
cent. This is desirable when the generator is located some 
distance from the load. The rise in generated voltage com¬ 
pensates for the voltage drop in the line. 

2. If the number of turns is decreased, a flat-compounded 
generator is obtained. In this generator, the voltage pro¬ 
duced at full load is the same value as the voltage at no 
load. This generator is used where the load is near by, 
such as in the same building. 

3. If the turns in the series winding are further decreased, 
an under-compounded generator will result. In this type, 
the voltage at no load is normal. As the load is increased, 
the voltage drops considerably, until at full load it is ap¬ 
proximately 20 per cent below normal. This generator is 
useful where a short might occur, as in a welding machine. 

Differentially Connected Generators 

A diagram of a short-shunt differential generator is shown 
in Figure 10-9. Notice in this illustration that the current 
in the series field is opposite that in the shunt field. Con¬ 
sequently, as the load increases, the series field strength in¬ 
creases; but because it is in opposition to the shunt field, 
the resultant flux drops rapidly. The characteristic, there¬ 
fore, is normal voltage at no load and a rapidly decreasing 
voltage as the load increases. 

Interpoles 

On all of the generators mentioned, interpoles are gen¬ 
erally used. These are connected in series with the arma- 
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ture, as in d-c motors. The polarity of the interpoles in a 
generator is, however, opposite to that in a motor. The 
rule is as follows: The polarity of the interpoles on a gen¬ 
erator is the same as the main pole ahead of it in the direc¬ 
tion of rotation. Just as in d-c motors, the field poles are 
connected for alternate polarity and are tested in the same 
manner. Either five or six wires are brought out of the 
generator. Figure 10-10 shows a two-pole interpole gen¬ 
erator. 

Changing a Compound Motor to a Generator 

Compound motors are generally connected long-shunt 
cumulative. To convert this motor to a generator, it is 
necessary to change the long shunt to a short shunt and 
reverse the series-field leads. The first change is readily 
understandable and need not be made unless desired. The 
reversing of the field leads must be made for the following 
reason. In a generator the voltage is supplied to the fields 
from the armature terminals. Therefore, as shown in Fig¬ 
ure 10-11, if the series field of a motor is not reversed, a 
differential generator will be produced. A short-shunt mo¬ 
tor is shown for simplicity. In this change the direction of 
rotation remains the same. 

Regulating the Generated Voltage 

To regulate the generated voltage, a field rheostat is in¬ 
serted in the shunt-field circuit, as in Figure 10-12. This 
arrangement makes it possible to vary the current in the 
shunt field, which in turn varies the lines of force. With 
full current in the field, maximum voltage will be obtained. 
As resistance is added, the generated voltage will become 
less. 


How to Measure Voltage and Current of a Generator 

A voltmeter and ammeter are used to measure the voltage 
and current, respectively. As illustrated in Figure 10-13, 
the voltmeter is always connected across the line, and the 
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ammeter in series with the line. The ammeter is really a 
millivoltmeter with an internal shunt, and actually the 
meter measures the voltage drop across the shunt. The 
shunt, however, is calibrated in such a manner that the 
reading on the meter indicates current flow. Often the 
meter is supplied with an external shunt; in this case it is 
connected as shown in Figure 10-14. These meters are con¬ 
nected in the same way for a motor, that is, voltmeter 
across the line and ammeter in series with the line. 

Connecting Compound Generators in Parallel 

When a load on a generator exceeds the capacity of the 
generator, it is necessary either to decrease the load or to 
connect another generator in parallel with the first one, 
thereby dividing the load between the machines. A paral¬ 
lel connection of two generators is shown in Figure 10-15. 

To connect two generators in parallel, the voltage of each 
generator must be exactly the same. This can be regulated 
by means of the field resistance and is measured by a volt¬ 
meter. Line wires of the same polarity must be connected 
together. An equalizer connection, consisting of a wire 
which connects the series field of both generators in parallel, 
is necessary. The reason for this equalizer connection is 
that if generator 1, at the left of Figure 10-16, runs slightly 
faster than generator 2, it will generate more voltage; con¬ 
sequently, more current will flow through the series field 
and cause the output of generator 1 to exceed the output of 
generator 2. Generator 1 will therefore assume more of the 
load, and generator 2, less. As the load on generator 2 de¬ 
creases, more of the burden will be placed on generator 1 
until it has taken the full load and generator 2 is running 
as a motor. 

If an equalizer is used, the excess current of generator 1 
is divided between the series fields of both generators and 
prevents one from assuming more of the load than the 
other. This action is best described with reference to the 
circuit at the right of Figure 10-16. Each generator now 
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has equal flux and therefore generates equal voltage. As 
a consequence they share the load equally. The shunt field 
has been omitted in Figure 10-16 for simplicity. 

Troubleshooting and Repair of a Direct-Current Generator 

Testing d-c generators is similar to testing d-c motors. 
The faults and troubles that occur in d-c generators, but 
not in d-c motors, are described below. 

1. If it does not generate, the trouble may be 

a. Loss of residual magnetism. If the field poles lose 
residual magnetism, it is impossible for the armature to cut 
lines of force, and therefore no current can be generated. 
To remedy this condition, the shunt field is connected to a 
source of direct current for a few seconds. 

b. Too much resistance in the field circuit. Because the 
building-up process of a generator depends on the con¬ 
tinued increase in the strength of the field, it is obvious that 
the voltage cannot build up if a high resistance in the field 
circuit prevents sufficient current from flowing in the field 
coils to increase the flux. The high resistance may be due 
to the field rheostat, open circuit in the field, loose connec¬ 
tions, poor brush contact, or broken brush pigtails. 

c. Wrong field connection. The residual magnetism in a 
generator produces lines of force from a north pole to a 
south pole. If the current in the field coils is in the wrong 
direction, as shown in Figure 10-17, lines of force will be 
produced opposite to the residual lines, and a cancellation 
of flux will result which will prevent the generator from 
building up. To remedy this trouble, reverse the shunt- 
field connections or reverse the direction of rotation of the 
generator. 

d. Wrong rotation. Wrong direction of rotation is similar 
to reversed field polarity because it causes the current in the 
shunt field to flow in the wrong direction. To correct this 
situation, reverse the direction of rotation or interchange 
the shunt-field leads. 

e. Shorted armature or field. A shorted armature or field 
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may allow only a low voltage to build up. If completely 
shorted, the voltage will not increase, and the armature will 
smoke. If all other faults are eliminated, test the armature 
and field for shorts according to the method described for 
d-c motors. 

2. If the voltage drops considerably as the load is placed 
on the generator, the trouble may be 

a. Differential connection. 

b. Shorted armature. 

c. Overload. 

3. If the voltage does not build up to a maximum, the 
trouble may be 

a. Wrong brush position. Check for the neutral position, 
as described in Chapter 7, Direct-Current Motors. For 
interpole generators, the neutral point is directly under the 
center of the interpole. 

b. Shorted armature or field coils. 

c. Resistance in the field circuit. 

d. Speed of generator too low. 

All the troubles listed above are in addition to those 
usually found in a d-c motor. For instance, sparking at the 
brushes of a generator may be due to the same causes as in 
a d-c motor. A review of the chapter on d-c motors is 
essential. 

SYNCHRONOUS MOTORS AND GENERATORS; SYNCHROS 

A synchronous motor is an a-c motor in which the rotor 
revolves in step or in synchronism with the rotating mag¬ 
netic field produced by the stator winding. This action 
means that if the magnetic field of a 60-cycle, four-pole 
motor revolves at the rate of 1,800 r.p.m., the rotor will 
also turn at that speed. 

In an ordinary induction motor, the rotor turns at a 
slightly lower speed than the revolving field. This is neces¬ 
sary in order that the squirrel-cage winding be cut by the 
revolving field and thereby have a current induced in it. 
Since slip is defined as the difference in speed between the 
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actual r.p.m. of the rotor and that of the magnetic field, a 
synchronous motor has zero slip. 

Synchronous motors of the type shown in Figure 10-18 
are made in sizes varying from approximately 20 hp. to 
hundreds of horsepower and are used wherever it is neces¬ 
sary or desirable to obtain constant speed. In many cases, 
synchronous motors are used to improve the power factor 
of the electrical system of a plant or factory. Many small 
synchronous motors are also made but are constructed dif¬ 
ferently from the large ones. 

Synchronous Motors with Excited Rotor 

Some synchronous motors have a rotor that is excited by 
direct current. Other synchronous motors have a rotor that 
needs no excitation. The first type has a stator core and 
winding like the stator of a three-phase induction motor. 
The rotor of this type has salient field poles, shown in Fig¬ 
ure 10-19, similar to the fields of a d-c motor. The field 
coils which fit over the poles are connected in series for 
alternate polarity and have two leads brought out to two 
slip rings on the shaft. The field coils are excited with 
direct current supplied by a small d-c generator or battery. 
On many synchronous motors, the d-c generator is attached 
to the shaft of the motor to supply the excitation to the 
rotor fields. 

A squirrel-cage or amortisseur winding is provided for 
starting purposes because this type of motor is not self- 
starting. The squirrel-cage winding is located around the 
rotor as it is in an induction motor. 

Operation of the Synchronous Motor 

When the main line switch to the stator winding of a 
synchronous motor is closed, a rotating magnetic field is 
established in the motor, which cuts across the squirrel- 
cage winding and causes an induced current to flow. The 
magnetic field of the squirrel-cage winding reacts with the 
stator field in such a manner as to cause rotation. 

The motor will run and increase in speed to a point just 
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below synchronism. At this speed, the rotor field coils are 
energized with direct current and definite magnetic poles 
are formed on the rotor. These magnetic poles attempt to 
lock with the revolving magnetic poles of the stator and, 
in' so doing, increase the motor speed until the rotor is 
running in step with the revolving field. 

When used for power factor correction of an a-c line, the 
field windings are overexcited and cause the motor to draw 
a large leading current. This tends to correct a lagging 
power factor, because in a plant using many induction 
motors, a large lagging current is drawn. The leading cur¬ 
rent of the synchronous motor compensates for the lagging 
current of the induction motor. This machine, when uti¬ 
lized for power factor correction, is called a synchronous 
condenser. 

Windings 

The stator winding of a synchronous motor consists of 
a number of coils placed in stator slots and, as in a three- 
phase induction motor, connected either star or delta for 
a definite number of poles. Three leads are brought out 
of the stator winding for connection to the line, as shown 
by Figure 10-20. 

The field coils, of which there must be as many as there 
are poles in the stator, are wound in the same manner 
as those used in d-c motors. The amortisseur winding is 
embedded in the core of the field poles and connected on 
each side to end rings. It is used only for starting. 

The rotor winding consists of a number of field poles 
joined in series for alternate polarity. Two leads are 
brought out and connected to two slip rings in order that 
the winding can be supplied with direct current, as illus¬ 
trated in Figure 10-21. 

Synchronous Motors with Nonexcited Rotors 

Nonexcited-rotor synchronous motors can be made for 
either single-phase or polyphase operation. One type com¬ 
prises a stator core similar to either a split-phase or poly- 
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phase stator and a squirrel-cage rotor on which flat sur¬ 
faces have been cut, as in Figure 10-22, thereby producing 
salient poles. 

The squirrel-cage winding provides the starting torque 
and brings the motor to a speed at which the salient poles 
on the rotor can lock in synchronism with the frequency 
of the field current. The salient poles must equal in num¬ 
ber the poles on the stator from which they obtain their 
magnetism by induction. When the motor reaches speed, 
the squirrel-cage winding is useless and rotation is then 
caused by the rotor poles locking in step with the stator 
magnetic poles. On some motors, the rotor poles are made 
of magnetized steel and retain their magnetism at all times. 

Synchronous Clock Motors 

A common type of synchronous motor extensively em¬ 
ployed today is that used on electric clocks. Some of these 
are self-starting, whereas others must be turned by hand 
to give them a starting torque. Self-starting motors are 
given the starting torque by means of shaded poles (shown 
in Figure 10-23) as in the case of shaded-pole motors. 
Usually these motors have two salient field poles and there¬ 
fore should rotate at 3,600 r.p.m. However, the rotor is 
constructed so that it has from 8 to 16, or more, salient 
poles besides a squirrel-cage winding. Figure 10-24 shows 
a rotor with twelve salient poles. The motor starts when 
the clock is plugged in because a revolving field is set up 
which cuts across the squirrel-cage winding and causes the 
rotor to turn. When the rotor reaches synchronous speed 
(600 r.p.m. for a twelve-pole motor), the rotor poles, which 
have become polarized by the stator field, lock in with the 
stator magnetic field and rotate at the synchronous speed. 

Another type of clock motor employs a rotor consisting 
of several laminations with the outer edge cut in a fashion 
to produce salient fields, as shown in Figure 10-25. 

The stator consists of a 2-pole frame with either one or 
two coils to produce the magnetic field. The pole pieces 
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are also cut to form salient poles of the same size as the 
rotor poles. 

These motors do not have shading poles and therefore are 
not self-starting. When the clock is plugged in, a pulsating 
magnetic field is established which cuts the rotor poles, 
magnetizing the poles on the rotor but producing no torque. 
However, if the rotor is given a start manually, its poles 
will be attracted to the stator poles and will lock in step 
with the pulsations of the current, thereby keeping the 
motor running at synchronous speed. The number of sali¬ 
ent poles on the stator will determine the speed, which may 
range from 450 r.p.m. for 16 poles, 60-cycle current, to 225 
r.p.m. for 32 poles. Figure 10-25 shows a synchronous 
clock motor with 32 poles. There are other types of syn¬ 
chronous motors, but on the whole they are similar to those 
described above. 

Troubles of Synchronous Clock Motors. Usually the 
troubles encountered on clock motors are lack of lubrica¬ 
tion and worn bearings. Frequently a few drops of oil on 
the rotor bearings will put the clock in operation, but if 
the bearings are badly worn, the clock may operate only 
for a short time under this treatment. In case the bearings 
are badly worn, it is necessary to have them replaced by 
a watchmaker. If the winding is open or burnt, it must 
be replaced. Rewinding the coil is difficult and expensive. 

Synchronous Generators 

A synchronous generator is similar in construction to the 
excited type of synchronous motor. It consists of a stator 
having a three-phase winding and a rotor with salient field 
poles that are excited by direct current. Whether it has 
a squirrel-cage winding or not depends on the use to which 
the generator is put. 

As in the case of the d-c generator, the synchronous 
generator may be turned over by a motor, steam turbine, 
water wheel, or diesel engine. Three wires are brought 
out of the stator winding, which is usually star connected. 
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A fourth wire may be carried from the star point and used 
as a ground wire for lighting purposes. 

In operation, the generator is first brought to speed and 
the field poles slowly excited with direct current. As the 
rotor fields revolve, lines of force cut across the stator 
winding and cause current to be induced therein. If the 
stator is connected for three phase, then three-phase cur¬ 
rent will be generated. For single phase, only two of the 
three wires are used, or, if star connected, one phase wire 
and a star point. If two phase is desired, it will be nec¬ 
essary to transform from three phase to two phase or utilize 
a two-phase generator. 

A diagram of an a-c generator, also called an alternator, 
is shown in Figure 10-26. Note that it is similar to the 
synchronous-motor circuit of Figure 10-21. Because the 
frequency of an alternator depends on the speed and num¬ 
ber of poles of the machine, it is obvious that varying the 
exciting voltage will have no effect on the frequency, al¬ 
though the generated voltage will be affected by the ex¬ 
citing voltage. The generated voltage varies with the load, 
and therefore in order to keep the voltage constant, it will 
be necessary either to adjust the exciting voltage manually 
or to use an automatic voltage regulator. 

Alternators in Parallel. Several conditions must be sat¬ 
isfied before alternators can be paralleled. 

1. The output voltage of the alternators must be equal, 
and the frequency must be the same. Assuming that two 
alternators are to be paralleled, regulate the voltage of 
each by adjusting the excitation voltage of the d-c gen¬ 
erator supplying current to the alternator fields and the 
frequency by adjusting the speed of the prime mover. 

2. The polarities of the alternators must be synchronized. 
This operation is called “phasing out” the alternators and 
is performed in the following manner: Assume alternator A 
is to be phased out with alternator B, as in Figure 10-27. 
Connect three sets of lamps across the paralleling switch 
as shown in the illustration. If both alternators are run- 
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ning at the required speed and generating the proper volt¬ 
age, all three sets of lamps should go on and off at the same 
time, thus indicating that the alternators are properly 
phased out.. This is called the all dark method. The three- 
pole switch is closed when all lamps are dark. If each set 
of lamps goes on and off alternately, it is an indication 
that the machines are not in phase. To remedy such a 
condition, interchange any two leads from alternator B at 
the parallel switch. 

Another method of phasing out is to use three sets of 
lamps connected as shown in Figure 10-28. This is known 
as the one dark and two bright method and is a more de¬ 
sirable way of phasing out than the all-dark system. With 
both alternators running, the phasing-out switch is left 
open until one set of lamps is dark and the other two sets 
bright. The switch is then thrown to close the circuit. 

SYNCHROS 

A synchro is a small rotating machine that is similar to 
a synchronous alternator. However, the salient field wind¬ 
ing of the synchronous alternator is excited with direct 
current, while in the synchro the field is excited with alter¬ 
nating current. Both machines have a three-phase wind¬ 
ing. These machines are not used as motors and therefore 
are not rated in horsepower, but rather in the torque that 
they exert. This is usually expressed in inch-ounces (in.- 
oz.). Synchros are used for remote signaling, control, or 
indication and must be used in conjunction with one or 
more similar machines. When one machine, the trans¬ 
mitter, is turned, the other machine, the receiver, turns 
a like amount, whether the transmitter is turned through 
a complete revolution or only 1 degree. 

Construction of the Synchro 

There are many types of synchros. The usual kind con¬ 
sists of a stator, shown in Figure 10-29, like that in a split- 
phase or polyphase inductor motor. It has a three-phase, 
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star-connected winding in the slots. Three wires are 
brought out of the stator for connection to another syn¬ 
chro. The rotor usually consists of a core having two 
salient poles, as shown in Figure 10-30. It has two field 
coils which are connected for alternate polarity. The ends 
of this winding are connected to two slip rings that- contact 
brushes connected to alternating current. Synchros are 
also designed with the three-phase winding on the rotor 
and a distributed two-pole winding on the stator. Ball 
bearings are used to eliminate end play and provide ex¬ 
ceptionally smooth operation. 

Operation of the Synchro 

Each synchro may be thought of as a transformer. The 
field coil acts like the primary and is connected to an a-c 
source, and the three-phase winding of the stator acts like 
the secondary. Because there are three windings in the 
synchro stator, a voltage will be induced in each phase. 
These voltages differ, depending on the position of the 
rotor with respect to the stator. If the rotor is turned 
slowly by hand, different voltages will be induced in the 
three-phase winding. Figure 10-31 shows a diagram of 
a synchro machine. There are five external leads, three 
from the three-phase winding and two from the rotor 
winding. Note that the rotor winding is excited by 120 
volts of alternating current. 

One synchro is located at the sending point as a generator 
or transmitter, and the other is operated at the receiving 
point as the receiver. The two machines are connected as 
shown in Figure 10-32. Note that the three-phase wind¬ 
ings are joined to each other and that the primaries are 
connected in parallel to the same source of excitation. 

If the rotor is in the same position in both the trans¬ 
mitter and receiver, then the voltages generated in the 
corresponding phase windings of both machines will be 
equal. Because corresponding phases are connected to each 
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other, the voltages induced will oppose one another and 
no current will flow. 

If the rotor of the transmitter is moved from its initial 
position, the induced voltages of both machines will be 
unequal and opposite, as in Figure 10-33, and consequently 
current will flow from one stator to the other. This current 
will set up a torque in the receiver and cause the rotor to 
turn until it is in a position corresponding to that of the 
rotor of the transmitter. When both rotors are in the same 
position, no more current w y ill flow, and the rotor of the 
receiver will not turn. 

If the receiver turns in the opposite direction to the 
transmitter, it is necessary to reverse two wires of the three- 
phase winding. It is important that the primaries of each 
machine be connected to the same source of supply or they 
will be out of phase and will not operate properly. 

ELECTRONIC CONTROL OF MOTORS 

Earlier chapters of this book have shown that it is nec¬ 
essary to control motors; that is, motors must be started, 
stopped, jogged, and reversed, and, within limits, it must 
be possible to control their speed. 

The controls needed to perform these various functions 
on d-c motors are designed to alter the quantity or the 
direction of the current in the field or in the armature of 
the motor. In Chaper 7, on direct-current controls, these 
functions were shown to consist mainly of resistances, 
switches, and solenoids. 

It is possible to control motors, not only electromechan- 
ically and electromagnetically, but also electronically, by 
means of vacuum tubes or gas-filled tubes. Some electronic 
devices can be made to operate a relay which in turn con¬ 
trols a motor. Others influence the amount and direction 
of current flowing in the motor circuit and thus the action 
of the motor itself. Both types may be found in one con¬ 
trol device. Before showing how electronic controls operate 
a motor, it is important that the reader have a working 
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knowledge of some of the various types of electronic tubes 
to be met in the field. 

Theory of Electron Tube 

The heart of all the devices used in electronic control 
is the electron tube. Like those used in radios, it consists 
of a glass or metal envelope that contains several elec¬ 
trodes. The simplest tube is the diode, which consists of 
two electrodes, an anode or plate, and a cathode. The 
symbol for this tube is shown in Figure 10-34. 

For this tube to operate, it is necessary that electrons 
be freed or driven out of the cathode. This is so con¬ 
structed that it can become a source of electrons when it 
is heated. Heating tends to release the electrons, as shown 
in Figure 10-35. Some cathodes are made like the filament 
of an incandescent lamp with an added coating of a mate¬ 
rial, usually barium oxide, which frees a large number of 
electrons while the filament is hot. The tube will cease to 
function after the coating material has been evaporated 
by long use. 

Some tubes have a cathode that is indirectly heated. In 
these, the cathode is a sleeve which fits around the filament. 
The latter is used as a heater in this case. The symbol of 
this type is shown in Figure 10-36. 

To be useful, the electrons that are emitted from the 
cathode must be collected, otherwise they will simply float 
around in space or return to the cathode. The electrons 
will be collected by the anode or plate when it has a posi¬ 
tive charge on it, as shown in Figure 10-37. The anode is 
connected to the positive terminal of a battery causing 
the electrons to move quickly to the anode and cause a 
current to flow through the empty space between the anode 
and cathode. 

The operation of this circuit is as follows: The filament 
is fed current from the secondary of a transformer, causing 
the cathode to become hot and emit electrons. The anode 
is connected to the positive side of the battery and there- 
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fore the electrons are attracted to it. Thus a circuit is 
formed by the electrons from the cathode to the anode, 
through the meter to the positive side of the battery, then 
through the battery back to the cathode. (Note that the 
flow of electrons is actually from negative to positive, in¬ 
stead of the conventional positive to negative for current.) 
If the polarity of the battery is reversed, as in Figure 10-38, 
that is, if the negative side of the battery is connected to 
the anode, the electrons will be repelled from the plate and 
no current will flow. Electrons will merely pass from the 
cathode to a positive anode. 

Half-wave Rectification 

The chief advantage of the diode lies in its ability to 
convert alternating current to pulsating direct current. If 
the anode is made positive half the time and negative the 
other half, current will flow only when the anode is posi¬ 
tive and stop when the anode is negative. An alternating 
current applied to the diode does this very thing. The 
point is illustrated in Figure 10-39. This diagram is sim¬ 
ilar to the previous one, except that the battery is re¬ 
placed by the secondary of a transformer. The tube now 
acts as a “rectifier”; that is, it permits current to flow in 
only one direction. It rectifies the alternating current into 
direct current. 

Figure 10-40 shows how the diode produces direct cur¬ 
rent. (The heater circuit has been omitted for simplicity.) 
During the half cycle when the anode is positive, electrons 
are attracted to it. At this instant, the other side of the 
secondary coil is negative. A circuit is therefore completed 
from the cathode to the anode, through the transformer 
coil, through the load, and back to the negative cathode. 
At the reversal of the cycle, the anode becomes negative, 
repelling the electrons and preventing current from flow¬ 
ing. This tube will produce half-wave rectified current; 
in other words, current will flow for half a cycle and then 
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stop for half a cycle. This is known as pulsating current, 
and it is shown in Figure 10-41. 

Full-wave Rectification 

Pulsating half-wave current, while useful and satisfac¬ 
tory for many applications, can be improved by using an¬ 
other half-wave rectifier to form a full-wave rectifier. A 
full-wave rectifier circuit is shown in Figure 10-42. Diodes 
A and B are half-wave rectifiers so connected that when 
the anode of A is positive, the anode of B is negative, and 
vice versa. Thus tube A will pass current through the 
circuit during one half of the a-c cycle, and tube B will 
pass current through the circuit during the other half of 
the a-c cycle. Current will flow through the load in the 
same direction during both halves of the cycle. Full-wave 
rectified output is less pulsating than half-wave rectified 
output, as shown by the curves of Figures 10-43. One tube 
can be used instead of two by putting two anodes in the 
same envelope, as shown in Figure 10-44. 

Gas-filled Tubes 

The tubes mentioned so far are all of the vacuum type 
and are designed for relatively small amounts of current. 
Tubes designed for larger currents usually contain a small 
amount of inert gas such as argon, neon, or mercury vapor. 
The use of gas enables the tube to handle much larger 
electronic currents. The symbol for a vapor or gas tube 
is the same as that for a vacuum tube, and a dot is added 
to show the presence of the gas, as shown in Figure 10-45. 

Because the cathode of the gas-filled tube is designed to 
supply many more electrons than the vacuum type, it is 
made of thick metal and takes about a minute to heat. 
Consequently, equipment of this type is usually provided 
with a time-delay circuit that does not permit the anode 
voltage to be applied until the cathode is properly heated. 

Small- and medium-sized gas-filled tubes are used as rec¬ 
tifiers for battery charging, and large mercury-vapor recti- 
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fier tubes are used to furnish direct current for the operation 
of motors. Their advantage is that in addition to permit¬ 
ting the heavier current to flow, they maintain a constant 
voltage drop across the tube and thus afford better voltage 
regulation than the vacuum type. 

A simple application of the gas diode permits the opera¬ 
tion of a d-c motor from an a-c line, as shown in Figure 
10-46. In this circuit, alternating current is rectified to 
full-wave direct current, and this in turn is fed to a d-c 
motor. A field rheostat can be used to regulate the speed 
of the motor. With this connection, it is possible to obtain 
variable-speed advantages from the d-c motor when a d-c 
line is not available. 

The Triode 

To regulate the amount of current that the tube handles, 
a third element, called a grid , is inserted between the anode 
and the cathode. This tube is called a triode because it 
has three electrodes. Its symbol is shown in Figure 10-47. 
The filament is not counted as an electrode when it is used 
to heat the cathode. 

The grid consists of a wire fence, encircling the cathode 
so that it lies between cathode and anode. It is mesh con¬ 
structed so that electrons can readily get through to the 
anode from the cathode. However, if the grid is made 
sufficiently negative, as shown in Figure 10-48, the elec¬ 
trons leaving the cathode will be repelled and will never 
reach the anode. Even though the anode is positive, no 
electrons will reach it because the negatively charged grid 
repels all electrons. The amount of grid voltage necessary 
to “cut off” the plate current to zero will depend on the 
amount of anode voltage. The greater the anode voltage, 
the greater the grid voltage necessary to reduce the electron 
flow to zero. 

If the grid voltage, or bias, as it is called, is reduced, the 
number of electrons reaching the anode will be increased. 
The smaller the grid bias is made, the greater will be the 
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current in the anode circuit. This can be accomplished 
as shown in Figure 10-49, by connecting a potentiometer 
across the grid-bias battery and varying the grid potential 
by moving a sliding contact. The value of the triode is 
that a comparatively small voltage between grid and 
cathode has the same effect on the current in the anode 
circuit as a large voltage between the anode and the cathode. 
The triode is useful as an amplifier. 

The Thyratron 

The thyratron is a gas-filled triode that differs in op¬ 
eration considerably from the vacuum-tube triode. As 
stated previously, a gas tube allows more current to flow 
through it than does a vacuum tube. Because the gas com¬ 
pletely fills the tube, it is evident that electrons emitted 
from the cathode will collide with the neutral atoms of the 
gas in their travel to the anode. This collision will cause 
one or more electrons to be ejected from each of the atoms, 
and as a result an electron flow consisting of those from 
the cathode and those thrown from the gas atoms will be 
formed. The process of depriving gas atoms of one or 
more electrons is called ionization. 

At the same time, the atoms, after having the electrons 
ejected, become positively charged (charged atoms are 
called ions ) and are attracted to the negative cathode. 
Millions of eh irons, which surround the cathode as a 
“space charge/' prevent other electrons from flowing to¬ 
ward the anode. These space-charge electrons are neu¬ 
tralized by the positive ions, thereby permitting a greater 
electron flow. 

In the vacuum triode, the anode current increases pro¬ 
portionately with changes in the grid voltage. In the 
thyratron, no anode current flows until the grid, also called 
the starting anode, is properly biased. If the grid is too 
negatively charged, it will repel the electrons and no cur¬ 
rent will flow. As the grid is made less negative, with the 
proper voltage applied to the anode, a point will be reached 
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where the electrons will meet the anode and current will 
flow in the cathode-anode circuit. Once the current starts 
to flow, thereby ionizing the gas, it will continue to flow, 
no matter how negative the grid voltage is made. The 
only way to stop the current flow in a gas-filled tube is to 
reduce the anode voltage to zero or to open the anode cir¬ 
cuit as illustrated in Figure 10-50. Because of this action, 
the thyratron is called a trigger-type tube. 

The Thyratron on Alternating Current. When alternat¬ 
ing current is applied to the anode of the thyratron, as 
in Figure 10-51, it will automatically stop conducting when 
the negative half of the a-c cycle occurs. As soon as the 
tube stops conducting, the starting anode will regain control. 

The thyratron in this circuit resembles a half-wave recti¬ 
fier, except that the tube will not start to function until 
the voltage applied to the grid is of the proper value. This 
means that the current can be controlled for less than half 
a cycle, as shown in the time-current curve in Figure 10-52. 

With this type of starting-anode control, it is not pos¬ 
sible to have the current flow for less than one-quarter of 
a cycle, because if the tube does not start to conduct before 
the anode voltage reaches its greatest value it will not con¬ 
duct at all. 

Phase-shift Control. By applying alternating current to 
the starting anode, it is possible to control the operation 
of the thyratron tube so that it will start conducting at 
any required point of the half wave, thus assuring a more 
precise control over the current passed through the tube 
than could be obtained by the circuit of Figure 10-51. This 
is called phase-shift control, and it is especially important 
when used for timing in welding operations and for speed 
control of d-c motors. 

Operating a Direct-current Motor on Alternating Cur¬ 
rent, Using Thyratrons. With the circuit illustrated in 
Figure 10-53, it is possible to operate a small d-c motor 
by using a thyratron tube. With a few more additions to 
the circuit, it is possible to operate larger motors. When 
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switch S is closed, current through resistor R 2 provides the 
grid with a positive voltage and causes the tube to conduct. 
Resistance R, is used to prevent the tube from operating 
when switch S is open, and the value of determines the 
motor speed when S is closed. When the thyratron con¬ 
ducts, pulsating direct current will flow through the arma¬ 
ture. The field is excited through the separate full-wave 
rectifier tube shown in the diagram. 

Speed Control of a Direct-current Motor. The circuit 
shown in Figure 10-54 is similar to that of Figure 10-53 
and includes a variable inductance and variable resistance 
for speed control of the motor. The variable inductance 
is used to shift the phase of the thyratron grid voltage so 
that conduction through the thyratron will stop. By vary¬ 
ing the value of the inductance, it is possible to shift the 
phase of the grid voltage so that the tube may conduct 
during any part of a half wave. If it conducts only during 
a very small portion of a half wave, a slow speed will be 
obtained; if it conducts during most of the half wave, a 
higher speed will be realized. The variable resistance can 
vary the speed range also, depending on the value of the 
inductance used. On large motors, many different controls 
and tubes are employed, and the circuits are quite 
complicated. 

Reversing a Direct-current Motor with Two Thyratrons. 
By using two thyratrons, it is possible to reverse a d-c 
motor by throwing a single-pole, double-throw switch. A 
diagram of this circuit is shown in Figure 10-55. This dia¬ 
gram is similar to the previous ones and includes another 
thyratron. If the switch is in the FORWARD position, 
the motor will run in a clockwise direction. If the switch 
is thrown in the REVERSE position, the other tube will 
conduct, and current will flow in the opposite direction 
through the armature and cause the motor to reverse. If 
the switch is reversed very rapidly, the motor will come 
to a quick stop. In all of the thyratron circuits, an open 
in the grid circuit will stop the motor. 
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The Phototube 

The basis of many electronic controls is the phototube, 
a device which responds to light. This tube is essentially 
a diode, and like all diodes it has two electrodes, an anode 
and a cathode, as shown in Figure 10-56. Current will flow 
when the anode is positive with respect to the cathode, 
provided that the cathode is illuminated. 

In the rectifier tubes previously discussed, the cathode 
released electrons when it was heated; in the phototube 
the cathode will release electrons when light strikes it. 
Thus there are two requirements for the phototube action: 
the anode must be positive, and the cathode must have 
light falling on it. The more light that falls on the photo¬ 
tube cathode, the greater is the current flow through the 
tube; but at best this current will be very small, about 
twenty millionths of an ampere. It is so small that it 
cannot do much work and must be used in conjunction with 
an amplifying triode to close a relay which in turn can start 
or stop a motor. 

A simple relay current showing the operation of the 
photocell is given in Figure 10-57. When the light does 
not fall on the phototube, it will not conduct, and the full 
voltage of the battery C is applied to the grid G of the 
vacuum tube. As a result, no current will flow between 
anode and cathode of the tube. The relay, which is in 
the anode-cathode circuit, therefore will not be energized. 

When light falls on the phototube cathode, electrons will 
be emitted and thereby cause a current to flow from the 
battery C through the resistance R (a very high value of 
resistance), through the phototube, and back to the bat¬ 
tery C. Even though this current is very small, the re¬ 
sistance R is so large that there will be an appreciable 
voltage drop in this resistance, thus reducing the voltage 
at point G. The grid will become less negatively charged 
and current from battery B will flow in the anode circuit 
of the tube and operate the relay. The relay may be con- 
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nected to a motor either to stop or to start it. The photo¬ 
tube circuit of Figure 10-57 uses batteries for operation, 
but it is possible to obtain the same result by using alter¬ 
nating current instead of direct current. A similar circuit 
using alternating current is shown in Figure 10-58. 

By using a number of contacts on the relay, it is possible 
to have the phototube perform many functions. A typical 
application is shown in Figure 10-59. When the light 
source is interrupted by a person or object passing be¬ 
tween the light source and phototube relay, the motor is 
turned on. Thus the phototube can be used for such ap¬ 
plications as to open doors, operate counting devices, drink¬ 
ing fountains, etc. 

Phototube Operation of a Large Motor. In Figure 10-58, 
a phototube operated a relay, which in turn closed a switch 
to operate a small motor. It is possible to go a step further 
and connect the relay to operate a magnetic switch which 
in turn will operate a larger motor. A circuit of this ap¬ 
plication is shown in Figure 10-60. 

A double-pole, double-throw switch is used to permit 
operation either by phototube or pushbutton station. 
When light strikes the phototube, the large voltage drop 
across resistance R will make the grid of the amplifying 
triode less negative and cause the tube to conduct, thereby 
energizing the relay coil. The relay contacts close and, 
in turn, energize the holding coil of the magnetic switch 
whose contacts close the motor circuit. 

When no light reaches the phototube, the triode stops 
conducting, the relay switch opens, and the motor stops. 
When the d.p.d.t. switch is in the pushbutton circuit, the 
motor can only be operated manually by pushing the start 
button. 

The circuits shown here are a few of the many circuits 
that are used for electronic control of motors. Most elec¬ 
tronic circuits are more involved and require detailed analy¬ 
sis and study before troubleshooting is attempted. 
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Table I.— Table foe Bare Copper Wire 


B. and S. 
Gauge 

Diameter, 

Inches 

Circular 

Mils 

Pounds 
per 1,000 Ft. 

Ohms at 68°F. 
per 1,000 Ft. 

0000 

0.4600 

211,600.0 

640.5 

0.0499 

000 

0.4096 

167,800.0 

507.9 

0.0618 

00 

0.3648 

133,100.0 

402.8 

0.0779 

0 

0.3249 

105,500.0 

319.5 

0.0982 

1 

0.2893 

83,694.0 

253.3 

0.124 

2 

0.2576 

66,370.0 

200.9 

0.156 

3 

0.2294 

52,630.0 

159.3 

0.197 

4 

0.2043 

41,740.0 

126.4 

0.248 

5 

0.1819 

33,100.0 

100.2 

0.313 

6 

0.1620 

26,250.0 

79.46 

0.395 

7 

0.1443 

20,820.0 

63,02 

0.498 

8 

0.1285 

16,510.0 

49.98 

0.628 

9 

0.1144 

13,090.0 

39.63 

0.792 

10 

0.1019 

10,380.0 

31.43 

0.998 

11 

0.09074 

8,230.0 

24.92 

1.260 

12 

0.08081 

6,530.0 

19.77 

1.588 

13 

0.07196 

5,170.0 

15.68 

2.003 

14 

0.06408 

4,107.0 

12.43 

2.525 

15 

0.05707 

3,257.0 

9.858 

3.184 

16 

0.05082 

2,583.0 

7.818 

4.016 

17 

0.04526 

2,048.0 

6.200 

5.064 

18 

0.04030 

1,624.0 

4.917 

6.385 

19 

0.03589 

1,288.0 

3.899 

8.051 

20 

0.03196 

1,022.0 

3.092 

10.15 

21 

0.02846 

810.1 

2.452 

12.80 

22 

0.02535 

642.4 

1.945 

16.14 

23 

0.02257 

509.5 

1.542 

20.36 

24 

0.02010 

404.0 

1.223 

25.67 

25 

0.01790 

320.4 

0.9699 

32.37 

26 

0.01594 

254.1 

0.7692 

40.81 

27 

0.01420 

201.5 

0.6100 

51.47 

28 

0.01264 

159.8 

0.4837 

64.90 

29 

0.01126 

126.7 

0.3836 

81.83 

30 

0.01003 

100.5 

0.3042 

103.2 

31 

0.00892 

79.70 

0.2413 

130.1 

32 

0.00795 

63.21 

0.1913 

164.1 

33 

0.00708 

50.13 

0.1517 

206.9 

34 

0.00630 

39.75 

0.1203 

260.9 

35 

0.00561 

31.52 

0.09542 

329.0 

36 

0.00500 

25.00 

0.07568 

414.8 

37 

0.00445 

19.83 

0.0601 

523.1 

38 

0.00396 

15.72 

0.04759 

659.6 

39 

0.00353 

12.47 

0.03774 

831.8 

40 

0.00314 

9.888 

0.02990 

1,049.0 
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Additional Information on Copper Wire 

This wire table can be remembered very easily if a few 
simple points are kept in mind: 

1. A wire three sizes smaller than another wire has half 
the area of the larger wire. For instance, No. 20 B. and S. 
gauge copper wire has half the area of No. 17 B. and S. 
gauge. Therefore, two No. 20 wires in parallel have the 
equivalent area of one No. 17. 

2. A wire three sizes smaller than another wire has twice 
the resistance of the larger wire. 

3. A wire three sizes smaller than another wire has half 
the weight of the larger wire. 

4. A No. 10 B. and S. copper wire is approximately 0.10 
inch in diameter has an area of 10,000 circular mils and 
has a resistance of 1 ohm per 1,000 feet. 

Although it is much better to use the same size wire in 
rewinding a motor as was used in the original winding, 
sometimes circumstances make it necessary to substitute 
another size. The following table shows equivalent wire 
sizes: 


Wires Not 
Available 


No. 10 
No. 11 
No. 12 
No. 13 
No. 14 
No. 15 
No. 16 
No. 17 
No. 18 
No. 19 
No. 20 


Wire-size Equivalents 


Use 

Wires Not 
Available 

Use 

Two No. 13 

Two No. 28 

One No. 25 

Two No. 14 

Two No. 27 

One No. 24 

Two No. 15 

Two No. 26 

One No. 23 

Two No. 16 

Two No. 25 

One No. 22 

Two No. 17 

Two No. 24 

One No. 21 

Two No. 18 

Two No. 23 

One No. 20 

Two No. 19 

Two No. 22 

One No. 19 

Two No. 20 

Two No. 21 

One No. 18 

Two No. 21 

Two No. 20 

One No. 17 

Two No. 22 

Two No. 19 

One No. 16 

Two No. 23 

Two No. 18 

One No. 15 
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Table II.— Full-load Motor Current for D-C Motors, Amperes 
These Values Are Average for All Speeds 


Horsepower 

115 Volts 

230 Volts 

550 Volts 

Vi 

4.5 

2.3 


% 

6.5 

3.3 

1.4 

1 

8.4 

j 4.2 

1.7 

1J* 

12.5 

6.3 

2.6 

2 

16.1 

8.3 

3.4 

3 

23 

12.3 

5 

5 

40 

19.8 

8.2 

m 

58 

28.7 

12 

10 

75 

38 

16 

15 

112 

56 

23 

20 

140 

74 

30 

25 

185 

92 

38 

30 

220 

110 

45 

40 

294 

146 

61 

50 

364 

180 

75 

60 

436 

215 

90 

75 

540 

268 

111 

100 


357 

146 

125 


443 

184 

150 



220 

200 



295 


Tables II, III, IV, V from National Electrical Code. 


Table III.— Full-load Current for Single-phase A-C Motors, 

Amperes 


Horsepower 

110 Volts 

220 Volts* 

440 Volts 

Ve 

3.34 

1.67 


X 

4.8 

2.4 


V2 

7 

3.5 


H 

9.4 

4.7 


1 

11 

5.5 


l'A 

15.2 

7.6 


2 

20 

10 


3 

28 

14 


5 

46 

23 


m 

68 

34 1 

17 

10 

86 

43 ! 

21.5 


* For full-load currents of 208- and 200-volt motors, increase corresponding 220-volt motor 
full-load current by 6 and 10 per cent, respectively. 
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Table IV.— Full-load Current, Two-phase A-C Motors with Four Wires* 


Horsepower 

Induction-type Squirrel-cage and Wound Rotor, Amperes 

110 Volts 

220 Volts 

440 Volts 

550 Volts 

H 

4.3 

2.2 

1.1 

.9 

% 

4.7 

2.4 

1.2 

1.0 

l 

5.7 

2.9 

1.4 

1.2 


7.7 

4 

2 

1.6 

2 

10.4 

5 

3 

2 

3 


8 

4 

3 

5 


13 

7 

6 

7 y 2 


19 

9 

7 

10 


24 

12 

10 

15 


33 

16 

13 

20 


45 

23 

19 

25 


55 

28 

22 

30 


67 

34 

27 

40 


88 

44 

35 

50 


108 

54 

43 

60 


129 

65 

52 

75 


156 

78 

62 

100 


212 

106 

85 

125 


268 

134 

108 

150 


311 

155 

124 

200 


415 

208 

166 


* Values of current in common wire of two-phase, three-wire system will be 1.41 times 


value given. 


Table V.— Full-load Current, Three-phase A-C Motors 


Horsepower 

Induction-type Squirrel-cage and Wound Rotor, Amperes 

110 Volts 

220 Volts* 

440 Volts 

550 Volts 

y 2 

5 

2.5 

1.3 

1 

H 

5.4 

2.8 

1.4 

1.1 

i 

6.6 

3.3 

1.7 

1.3 

i M 

9.4 

4.7 

2.4 

2 

2 

12 

6 

3 

2.4 

3 


9 

4.5 

4 

5 


15 

7.5 

6 

7V 2 


22 

11 

9 

10 


27 

14 

11 

15 


38 

19 

15 

20 


52 

26 

21 

25 


64 

32 

26 

30 


77 

39 

31 

40 


101 

51 

40 

50 


125 

63 

50 

60 


149 

75 

60 

75 


180 

90 

72 

100 


246 

123 

98 

125 


310 

155 

124 

150 


360 

180 

144 

200 


480 

240 

195 


* For full-load currents of 208- and 200-volt motors, increase the corresponding 220-volt 


motor full-load current by 6 and 10 per cent, respectively. 
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Table VI. —Possible Synchronous Speeds 


Poles 

60 Cycles 

50 Cycles 

40 Cycles 

25 Cycles 

2 

3,600 

3,000 

2,400 

1,500 

4 

1,800 

1,500 

1,200 

750 

6 

1,200 

1,000 

800 

500 

8 

900 

750 

600 

375 

10 

720 

! 600 

480 

300 

12 

600 

! 500 

400 

250 

14 

514.2 

428.6 

1 343 

214.3 

16 

450 

375 

300 

187.5 

18 

400 

333.3 

266.6 

166.6 

20 

360 

300 

240 

150 

22 

327.2 

272.7 

218.1 

136.3 

24 

300 

250 

! 200 

125 

26 

277 

230.8 

184.5 

115.4 

28 

257.1 

214.2 

171.5 

107.1 

30 

240 

200 

160 

100 

32 

225 

187.5 

150 

93.7 

34 

212 

176.5 

141.1 

88.2 

36 

200 

166.6 

133.3 

83.3 

38 

189.5 

157.9 

126.3 

78.9 

40 

180 

150 

120 

75 

42 

171.5 1 

142.8 

114.2 

71.4 

44 

163.5 

136.3 

109 


46 

156.6 

130.5 

104.3 


48 

150 

125 

100 


50 

144 

120 

96 


52 

138.5 

115.4 

92.3 


54 

133.3 

111.1 

88.9 
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A 

Alternating current, 1, 78 
Alternating-current controllers, 129- 
153 

autotransformer - compensator 
type, 142-144 
drum type, 147 
for repulsion motors, 131 
magnetic across-the-line, 131, 134 
plugging, 150 

pushbutton-switch type, 130 
quick stop, 150 

reduced voltage resistance, 138-140 
reversing across-the-line, 136 
star-delta type, 146 
two speed, 147-149 
trouble shooting and repairs, 151 
Alternators, 276 
paralleling, 276 
conditions for, 276 
method of, 276 
phasing out, 276 
synchronizing, 276 
Ammeter, 27, 60, 64 
Amortisseur winding, 272, 273 
Armature repair 
grounded coil, 171 
open coil, lap winding, 176 
wave winding, 176 
shorted coil, 174, 175 
Armature construction, repulsion- 
start, induction-run motor, 72 
Armature testing, 168, 177 
Armature winding, baking and var¬ 
nishing, 167 
commutator pitch, 162 
cross connections, 163, 172 


Armature winding, cord banding, 
166 

data for, 163, 164 
d-c, 154-185 
duplex lap wound, 158 
equalizer connection, 163, 172 
form-wound coils, 161 
identifying the leads, 160 
insulation, 155, 156 
lap wound, 158-161 
with loops, 159 
simplex, 158 
triplex, 158 
lead position, 156 
lead swing, 156 
left handed, 160 
loop wound, 156, 159 
one coil per slot, 155, 159 
placing wedges in slot, 156 
position for holding armatures, 
155 

procedure, 155 
progressive connections, 162 
repulsion-type motors, 73-78 
one. two, and three coils per 
slot, 73 

retrogressive conections, 162 
right handed, 160 
sleeving for, 160 
soldering the leads, 165 
steel banding, 166 
taping coils, 161 
testing, 167-177 
testing the leads, 160 
three coils per slot, 161 
two coils per slot, 157, 160 
typical, for a small motor, 155 
universal motor, 247-251 


295 
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Armature winding, wave wound, 
161-163 

simplex, duplex, and triplex, 
161 

simplex progressive, 163 
simplex retrogressive, 163 
Armatures, in repulsion-type mo¬ 
tors, 66, 68, 73-77, 81-83, 87 
Autotransformer, 55, 142 
open delta connection, 144 

B 

Baking and varnishing, polyphase 
motors, 123 

repulsion-type motors, 75 
split-phase motors, 20 
Ball bearings, split-phase motors, 4 
Banding d-c armatures, 166 
Basket winding, 95 
Bearing troubles and repair, frozen 
bearings, 32 

in split-phase motors, 31, 35, 37 
in three-phase motors, 125-127 
Bimetallic overload device, 30 
in capacitor start motors, 44, 48 
in d-c motor control, 226 
Brush holder, repulsion-type motor, 
67-69, 79, 81, 88, 92 
Brushes, pigtail, 212 
in repulsion-type motors, 67-69, 
79, 81, 84, 89, 91 
Building-up process, 265 

C 

Capacitor motors, 39-65 
burned-out fuse, 64 
capacitors, 41 
centrifugal switch, 41 
end plates (shields or brackets), 
41 

grounds, 61 
motor humming, 64 
motor smoking, 64 
open circuits, 59, 60 
poor starting torque, 64 


Capacitor motors, repairs, 61-65 
rotors, 41 

short circuits, 59, 60 
stators, 41 
testing, 59 

troubleshooting and repairs, 59-65 
winding tests, 61 
Capacitor-start motors, 41-51 
connections, 42 
construction, 41 

with terminal-block capacitor, 45 
instantly reversible, 48 
operation, 41 
parallel connection, 43 
polarity, 43 
reversing, 43, 46, 48 
rewinding, 42 

running winding, 42, 45, 46, 48 
series connection, 43 
single voltage, externally rever¬ 
sible, 43 

with magnetic switch, 45 
nonreversible, 44 
starting torque, 41 
starting winding, 42, 45, 46, 48, 50 
with thermostat, 44 
three-lead, reversible, 48 
two speed, 50 
with two capacitors, 51 
two voltage, nonreversible, 46 
with overload protection, 48 
reversible, 47 

Capacitor-start-and-run motor, 51- 
58 

reversing, 52 
rewinding, 58 
running windings, 52-54 
single value, 51 
reversible, 52 
single value, 51, 62 
starting winding, 52-54, 62 
torque, 52 

three speed, single voltage, 54 
two speed, single voltage, single 
value, 53 
two value, 51 

two voltage, single value, 52 
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Capacitor-start-and-run motor, two 
value, 55-58, 62, 63 
nonreversible, 56 
reversible, 57 

two voltage, nonreversible, 57 
Capacitors, 39 
double unit, 58, 62 
electrolytic, 40. 57, 59, 60 
oil filled, 40, 52, 56 
paper, 39, 52, 57 
terminal block, 45 
testing, 59-61 
Capacity, 40 
Capacity test, 60 

Centrifugal short-circuiting device, 
68, 69, 81, 82, 90, 91 
Centrifugal switch, 4, 22, 24-26, 29, 
34, 38 

capacitor-start motor, 43, 49, 51 
capacitor-starts-and-run motor, 
52, 55, 57, 58, 62 
Commutator bars, 178 
Commutator cement, 183 
Commutator pitch, 162 
in repulsion motors, 77 
Commutator repairs, 178-185 
grounded bars, 184 
high bars, 184 
high mica, 185 
low bars, 185 
shorted bars, 182, 183 
Commutator stone, 184, 214 
Commutator V rings, 178 
Commutators, assembly, 182 
construction, 178 
cutting mica segments, 179 
end rings, 178 
grounded bars, 184 
high bars, 184 
high mica, 185 
low bars, 185 

making mica V rings, 180, 181 
mica in, 179 
carbonized, 183 
parts. 178 

repulsion-type motors, 67, 68, 72, 
75, 77, 81, 82, 87, 89-92 


Commutators, assembly, rough, 212 
shorted, reinsulating, 183 
shorted bars, 182 
undercutting, 185 
Compass test, 27, 123 
Compound generator, characteris¬ 
tics, 266, 267 

Compensating winding, connection. 
81, 82 

repulsion motor, 81 
repulsion-induction motor, 82 
Compensator, 142 
manual, 143, 144 

Compound generator, types of, 266 
Compound motors, bucking fields, 
192 

connections, 192 

cumulative or differential, test 
for, 199 
field coils, 189 
long-shunt cumulative, 192 
long-shunt differential, 192 
short-shunt cumulative, 193 
short-shunt differential, 193 
test to identify leads, 198 
types of, 192 
Condenser, 39 

Connecting two-phase motors, 101 
Connecting field coils, compass 
method. 190 
nail method, 191 
trial-and-error method, 190 
Connecting windings, capacitor- 
start motors, 43-51 
consequent pole, 22, 23 
parallel, 19 

repulsion-start, induction-run mo¬ 
tor, 70, 71, 88 
series, 17, 18 
split-phase motor, 17 
three-phase motor, 99 
Consequent-pole connection. 147 
fan motors, 260 
split-phase motor, 22, 23 
three-phase motors, 109 
Controller repair, blown-out fuse, 
153 
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Controller repair, burned magnet 
coil, 153 

motor not starting, 152 
Controllers, a-c (see Alternating- 
current controllers) 
d-c (see Direct-current con¬ 
trollers) 

Counter e.m.f., 139, 215 
Counter e.m.f. controller, 231 
Cross connections, 72, 75, 76, 82 
d-c armatures, 163, 172 
Current, full load, d-c motors, 
table, 291 

single-phase a-c motors, table, 

291 

three-phase a-c motors, table, 

292 

two-phase a-c motors, table, 
292 

Current-limit controller, 232 
D 

Dashpot, 140, 142 

Definite magnetic time controller, 
235 

with dynamic braking, 236 
with jogging, 236 
with two steps of resistance, 236 
Definite mechanical time controller, 
238 

dashpot acceleration, 238 
geared timer with dynamic brak¬ 
ing, 239 

geared timing acceleration, 238 
Delta connection; three-phase mo¬ 
tor, 100, 103, 104 
Diode tubes, 280 

Direct-current controllers, 215-242 
counter e.m.f., 231 
definite magnetic time, 235, 236 
definite mechanical time, 238 
drum type, 239 

four-point speed-regulating rheo¬ 
stat, 219 

four-point starting box, 218 
four-point starting box and speed¬ 
regulating rheostat, 220 


Direct current controllers, lockout 
type, 232 

magnetic circuit breakers, 224 
magnetic switch, 225 
overload relays, 224 
reversing switches, 221-223 
thermal circuit breakers, 225 
thermal relays, 226 
three-point starting box, 216 
troubleshooting and repair, 241, 
242 

Direct-current generators, 263-271 
characteristics, 265-267. 
changing from motor, 268 
compound, 266 
connecting in parallel, 269 
construction, 263 
differentially connected, 267 
diverter, 266 
equalizers, 269 
flat compounded, 267 
interpoles, 267 

loss of residual magnetism, 270 
measuring the voltage and cur¬ 
rent, 268 

not generating, 270 
operation, 263 
overcompounded, 267 
regulating voltage, 268 
resistance in field circuit, 270 
self-excited, 265 
separately excited, 264 
series, 265 
shunt, 266 
testing, 270 

troubleshooting and repair, 270 
undercompounded, 267 
voltage drop, 271 
voltage not building up, 271 
wrong field connection, 270 
wrong rotation of, 270 

Direct-current motors, 186-214 
armature, 186 
bearings, 187 
brush holder, 187 
brush-holder position, 200, 201 
brush rigging, 187 
brushes off neutral, 208 


j 
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Direct-current motors, character¬ 
istics, 187, 188 
counter e.m.f., 210 
construction, 186 
connections, 187, 191 
compound, 188 
connecting, 191-194 
dirty brushes, 203 
differential connection, 192 
end plates, 186 
field coils, 186, 188 
field connections, 190, 191 
field poles, 186 
frame, 186 
ground test, 196 
grounded brush holder, 207 
interpoles, 193 
high or low bars, 213 
high mica, 214 
interpole polarity, 193 
interpole-polarity test, 199 
interpoles, 189 
failure to run, 202-208 
running slowly, 202, 206, 209 
neutral point, 200, 201 
noisy operation, 207, 211, 213 
open armature circuit, 204 
open armature coils, 208 
open field circuit, 204 
open shunt field, 209 
open test, 196 
overload, 207 
polarity test, 190, 191 
parts, 186 

poor brush contact, 211 

repairs, 201-214 

reversed armature leads, 214 

reversing, 194, 195 

running away, 209 

running hot, 203, 214 

sparking, 204, 205, 208, 210-212 

running too fast, 205, 209, 210 

series, 187 

shorted field, 205 

shorted armature, 206 

shunt, 187 

test for leads, 198 


Direct-current motors, testing, 195- 
201 

tight bearings, 214 
troubleshooting and repair, 196- 
214 

worn bearing, 207 
wrong interpole polarity, 213 
wrong lead swing, 213 
wrong voltage applied, 209 
Diverter, 266 
Drum controller, 239, 240 
Drum switch, reversing small mo¬ 
tors with, 223 
Duplex windings, 161 
Dynamic braking, 237 

E 

Effective capacity, 55, 56, 58, 63 
Electrical degrees, 9 
capacitor motors, 41, 42, 51-54, 57, 
58 

Electrolyte, 40 

Electron tubes, anode or plate, 280 
cathode, 280 
diode, 280-281 
electrodes, 280 
envelope, 280 
filaments, 280 
full-wave rectification, 282 
gas filled, 282 

half-wave rectification, 281 
phototube, 287 
theory of, 280 
thyratron, 284 
triode, 283 

Electronic control of motors, 279- 
288 

End plates (shields, brackets), 4 
improperly mounted, 32, 33 
repulsion-type motors, 67 
End play, 29, 38 
End room, split-phase motors, 10 
three-phase motor, 96 
Equalizer connections, d-c arma¬ 
tures, 163, 172 
d-c generators, 269 
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F 

Fan motors, 259-262 
capacitor, 260 
floor type, 259 
shaded pole, 262 
single speed, 262 
split phase, 259 
three phase, 262 
three speed, 259, 260 
two speed, 259, 260 
two voltage, 262 
unit heater, 261 
wall and desk, 261 

Field coils, compound, 189 
connections, 190, 191 
construction, 188 
d-c motors, 188 
form, 188 
polarity, 190 
series, 188 

shaded-pole motor, 257 
shunt, 188 

synchronous-motor rotor, 273 
test for shorts, 205 
universal motor, connecting, 246 
construction, 245 
distributed compensated type, 
251 

form, 245 
polarity, 246 

Form winding, split-phase motor, 
14 

Four-point starting box, connected 
to compound motor, 218 
no voltage release. 218 
reversing switch and compound 
motor connected to, 223 
and speed regulating rheostat, 220 

Four-point speed regulating rheo¬ 
stat, 219 

Full-wave rectification, 282 
G 

Gas-filled tubes, 282 
application, 283 
thyratron, 284 


Grid, 283 
Grid bias, 283 

Ground test, repulsion-type motor, 
83 

Grounds, capacitor motor, 61 
d-c motors, 196 
split-phase motors, 23, 29, 36 
Groups, 9, 101 
Growler, 26, 34, 35 
Growler tests, d-c armatures, 170, 
172, 177 

H 

Half-wave rectification, 281 
Hand winding, 14 

Holding coil, manual starter for 
repulsion motors, 131 

I 

Induction, 6 

repulsion-start, induction-run mo¬ 
tor, 67, 79 

Inductive series motor, 81 
Insulation, d-c armatures, 156 
split-phase motor, 13 
Interlock, electrical, 138 
mechanical, 138 
Interpoles, d-c generators, 267 
field, 189 
form, 189 
polarity, 193, 194 
d-c generators, 267 
Ionization, 284 

J 

Jogging (or inching), 134, 230 
Jogging relay, 136 

L 

Laminated iron core, 55 
Laminations, 1 

Lap windings, d-c armature, 158-161 
repulsion-start, induction-run mo¬ 
tor, 73 
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Lead swing, 156 

Lockout controller, one coil, 233 
two coil, 232 
Loop winding, 156 

M 

Magnetic circuit breakers, 224 
Magnetic field, 6 
capacitor motor, 41, 53 
d-e generator, 264 
method of producing in d-c gener¬ 
ator, 264 

Magnetic switch, 226, 227 
blowout coil, 227 
overload contacts, 229 
Mechanical balance, 77 
Mechanical degrees, 9, 75, 80 
Metalizing, 32 

Meter tests, d-c armatures, 169, 173, 
176 

Mica, undercutting, 214 
Mica segments, 179 
Mica V rings, 180, 181 
Microfarads, 40, 60 
Motor troubles, analyzing, 6 

N 

Nail test, 27 
Name-plate data, 8 
Neutral point, repulsion-start, in¬ 
duction-run motor, 80, 88 

O 

Open circuits, capacitor motors, 59, 
60 

d-c motors, 197 
split-phase motors, 24, 30 
Overload, 37 

Overload device, split-phase motor, 
30 

Overload protection, 44, 48 
Overload relay, bimetallic, 133 
d-c motors, 224 
heater coil, 133, 140 
thermal, 132, 144 


P 

Parallel connections, capacitor-start 
motor, 43, 46, 47 
capacitor start-and-run motor, 52, 
57 

repulsion-start, induction-run mo¬ 
tor, 70 

split-phase motors, 19 
three-phase motor, 105 
Paralleling, alternators, 276 
d-c generators, 269 
Phototube, 287 
Phototube operation, 287 
of large motor, 288 
Pitch of coils, 10 
Plugging, 150 
Plugging relay, 150 
Polarity, of rotor coils of synchron¬ 
ous motors, 272, 273 
shaded-poles motor, 257 
Polarity test, polyphase motor, 123 
Poles, split-phase motor, 9 
Polyphase motors, 93-128 
Power factor, repulsion motor, 81, 
82 

Progressive winding, 80 
d-c armatures, 162, 163 
Pushbutton station, connected to 
magnetic switch, 228 
connections, 134 
forward-reverse-stop, 137 
pilot light with, 136 
start-jog-start, 134, 230 
start-stop, 133, 228-229 

R 

Reamer, 32 
Rectifier, 281 
Relay, timing. 145 
Repulsion-induction motor, 66, 82 
armature, 82 

squirrel-cage winding in, 82 
starting torque, 82 
two voltage, 82 
windings, 82 

Repulsion motor, 66, 81, 82 
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Repulsion motor, armature, 81 
compensating winding, 81 
connections, 81 
construction, 81 
power factor, 81 
reversing, 82 
starting torque, 81 
stator, 81 
two voltage, 82 
winding, 81 

Repulsion-start, induction-run mo¬ 
tors, 67 

armature construction, 72 
armature winding, 72-78 
brush lifting, 67-69 
centrifugal device, 68-69 
operation, 67 
brush riding, 67, 69 
centrifugal device, 69 
cartridge brush holder, 80 
centrifugal short-circuiting de¬ 
vice, 68, 69, 81, 82, 90, 91 
commutator for, 62, 69, 72, 75-77, 
83, 87, 89-92 
connections, 70 

cross connections, 72, 75, 76, 82 
commutator pitch, 77, 78 
data recording, 71, 77 
dual voltage, 70 
form-wound coils, 75, 78 
growler testing, 77 
hand and form winding, 70 
insulation, 74 
lap winding, 73, 76 
neutral point, 80, 88 
parallel connection, 70 
progressive and retrogressive 
winding, 80 
reversing, 78-80 
series connection, 70 
starting torque, 67 
stationary brush holders, 79 
stator windings, 70 
stripping, 74 
wave winding, 73, 77 
wave-wound armature, 70 
winding armatures, 73-78 
Repulsion-type motors, 66-92 


Repulsion type motors, armatures, 
66, 68, 73-77, 81, 82, 87 
blown fuse, 85 

brush holders, 67-69, 79-81, 88, 92 
brushes, 67-69, 79-81, 84, 89, 91 
commutators, 67, 68, 72, 75-77, 
81, 82, 87, 89-92 
construction, 66 
data for, 71 
end plates, 67 
excessively hot, 85 
failure to come to speed, 86 
failure to start, 84 
humming but not running, 86 
repairs to, 84-92 
rotor, 66, 81 
starting improperly, 85 
stator, 66, 70, 71, 81 
testing, 83, 84 
for grounds, 83 
for opens and reverses, 84 
for shorts, 83 

troubles, brushes not contacting 
commutator, 89 

brushes lifting from commuta¬ 
tor too quickly, 89 
broken necklace, 90 
centrifugal mechanism improp¬ 
erly assembled, 91 
centrifugal weights jammed, 91 
dirty commutator, 92 
dirty necklace or commutator, 
90 

excessive end play, 89 
excessive load, 88 
grounded field, 92 
high mica, 92 

incorrect tension of spring, 91 
necklace shorting armature, 90 
open circuits in stator or arma¬ 
ture, 87 

shorted armature, 87 
shorted stator, 87 
worn bearings, 86 
worn lip on brush holder, 92 
wrong brush position, 88 
wrong lead connections, 88 
troubleshooting and repair, 83 
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Residual magnetism, 210, 265 
Retrogressive winding, d-c arma¬ 
tures, 162, 163 
repulsion-type motors, 80 
Reverses, 27, 34 
capacitor motor, 61 
Reversing, capacitor-start motors, 
43, 46, 48 

capacitor-start-and-run motor, 52, 
57 

compound motors, 195 
d-c motors, 194, 195 
repulsion-start-and-run motors, 
78-80 

repulsion-type motors, 78-80, 82 
series motor, 194 
shunt motor, 194 
split-phase motor, 20 
three-phase motors, 119 
two-phase motors, 119 
universal motors, 247, 252 
Rotating magnetic field, of syn¬ 
chronous motor, 272 
Rotor, bent shaft, 33 
capacitor motor, 41 
loose bars, 35 

repulsion-type motors, 66, 81 
slip rings, 273 
split-phase motor, 3 
squirrel cage, 4 
synchronous motor, 272 
three-phase motor, 93 
wound, 139, 141 

Running winding, capacitor start 
motor, 42, 45, 46, 48 
capacitor-start-and-run motor, 52- 
54 

split-phase motor, 5, 28 


S 

Self-excited generator, 265 
Separately excited generator, 264 
Series connections, capacitor-start 
motor, 43, 46-48 

capacitor-start-and-run motor, 52, 
57 


Series connections, repulsion-start, 
induction-run motor, 70 
split-phase motor, 17, 18 
three-phase motor, 103, 104 
Series generator, characteristics, 
266 

Series lockout contactors, 232 
Series motor, characteristics, 187 
connections, 191 
field coils, 188 
running without load, 211 
Shaded-pole motors, 256-259 
characteristics, 256 
construction, 256 
for fans, 262 
operation, 256 
parts, 256 
polarity, 257 
reversing, 258 
rotor, 256 
shading coil, 256 
stator, 256 
testing, 259 
windings, 256 

Shading coil, magnetic contactor, 
132 

Short circuits, capacitor motor, 59, 
60 

Shorted commutator, 182 
Shorts, tests for, repulsion-type 
motor, 83 

split-phase motor, 26, 30, 33, 34, 
36 

Shunt motor, characteristics, 188 
connections, 191 
field coils, 188 
Simplex windings, 161 
Single phase, 1, 39, 66 
Single-value motors, 51-54 
Skein winding, 15, 16 
changing hand to skein, 16 
universal motors, 252 
Sleeve bearings, split-phase motor, 
4, 31 
Slip, 53, 54 
Slip rings, 139, 141 
Slots, 3 

Soldering d-c armatures, 165 
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Space charge, 284 
Span, 10 

Sparking, universal motors, 251 
Speed, split-phase motors, 9 
Speed control, universal motors, 
253 

centrifugal device, 254 
resistance method, 253 
tapped field, 253 
Splicing leads, 19 
Split-phase motor, 3-38 
baking and varnishing, 20 
bearings, 4, 31, 32, 35, 37 
bent rotor shaft, 33 
centrifugal switch, 4, 22, 24-26, 
29, 34, 38 
connecting, 17 
construction, 3 
consequent pole, 22, 23 
data taking, 8, 10 
failure to start, 28 
form winding, 14 
grounded winding, 23, 29, 36 
hand winding, 14 
improperly mounted end plate, 32 
insulating slots, 13 
open overload device, 30 
open running winding, 28 
open starting winding, 28 
operation of, 5 
parallel connection, 19 
parts of, 3, 4 
repairs, 28-38 
reversing, 20 
rewinding, 7, 14, 15 
running hot, 35 
running noisily, 37 
running slow, 33 
running (or main) windings, 5 
series connections, 17, 18 
shorted winding, 26, 30, 33, 34, 36 
skein winding, 15, 16 
splicing leads, 19 
squirrel-cage winding, 5 
starting or auxiliary winding, 6 
starting winding remaining in cir¬ 
cuit, 34 
stripping, 11 


Split-phase motor, testing, for 
grounds, 23, 29, 36 
for opens, 24, 30 
for reverses, 27, 34 
for shorts, 26, 30, 33, 34, 36 
troubleshooting, 23 
two speed, 21-23 
worn bearings, 31, 35, 37 
Squirrel-cage rotor, 68 
Squirrel-cage winding, 3, 5 
in rotor of synchronous motor, 272 
Star-connected, three-phase motor, 
100, 102, 103 

Starters, across the line, holding 
coil, 132 
magnetic, 131 
main contacts, 132 
maintaining or auxiliary con¬ 
tacts, 132 
manual, 129, 130 
reversing, magnetic, 136 
automatic primary resistance, 140 
dashpot for, 140 
autotransformer, 142 
automatic, 144 
manual, 143 
drum, 147 

manual, for repulsion motors, 131 
primary resistance, 139 
pushbutton switch, 130 
reduced voltage, 129 
reduced-voltage resistance, 138 
reversing across the line, 137 
rheostat type of resistance, 139 
starting torque, 140 
secondary resistance, 141 
acceleration, 142 
magnetic type, 142 
star delta, 146 
magnetic, 147 
manual, 146 
Starting anode, 284 
Starting torque, 39 
capacitor-start motor, 41 
capacitor-start-and-run motor, 52, 
55, 63 

repulsion motor, 81 
repulsion-induction motor, 82 
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Starting torque, repulsion-start 
induction-run motor, 67, 71, 
87 

Starting winding, 6, 28 

capacitor-start motor, 42, 45, 46, 
48, 50 

capacitor-start-and-run motor, 52-. 
54 

Stator, capacitor motor, 41 
repulsion-type motor, 66, 70, 71, 

81 

split-phase motor, 3 
stripping, 11 
three-phase motor, 93 
Stator connections, incorrect, 34 
Stator windings, repulsion-start, in¬ 
duction-run motor, 70 
Stripping, repulsion-type motor, 71, 
74 

split-phase motor, 11 
three-phase motor, 95, 96 
universal compensated motor, 
252 

Switch, snap action, 130 
Synchronizing, all-dark method, 
277 

one-dark-and-two-bright method, 
277 

Synchronizing alternators, 277 
Synchronous clock motors, 274 
troubles, 275 

Synchronous condenser, 273 
Synchronous generator, construc¬ 
tion, 275 
operation, 275 
in parallel, 276 

Synchronous motors, 271-277 
for clocks, 274 
with excited rotor, 272 
with nonexcited rotor, 273 
operation, 272 
power factor, 272 
rotating magnetic field, 272 
rotor-coil polarity, 272, 273 
squirrel-cage winding, 272 
stator winding of, 273 
windings, 273 

Synchronous speeds, table, 293 


Synchros, 277-279 
operation, 278 
receiver, 278 
rotor, 278 
stator, 277-278 
stator connection, 278 
stator winding, 278 
transmitter, 278 

T 

Terminal-block capacitor, 45 
Testing, capacitor motors, 59 
d-c armatures, 168-177 
bar-to-bar meter, 169 
grounded commutator, 168 
grounded winding, 168 
grounds, with growler, 170 
trial test, 170 
visual inspection, 169 
growler, 168, 170 
meter, 169 

open circuits, bar to bar, 176 
open coil, growler, 177 
reversed coil, bar to bar, 177 
magnet, 177 

shorted coil with growler, 172 
shorted commutator, 168 
shorts, between adjacent bars, 
173 

bar to bar, 173 
d-c generators, 270-271 
d-c motors, 195-201 
correct interpole polarity, 199 
correct brush holder position, 
200 , 201 

for cumulative or differential 
connections, 199 
grounds, 196 

to identify leads of compound 
motor, 198 
opens for, 196 

repulsion-type motor, 83, 84 
shaded-pole motor, 259 
split-phase motor, 20, 23, 27 
three-phase motor, 120-123 
universal motor, 254 
Thermal overload device, 130, 137 
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Thermal relays, 226 
Thermal units, capacitor-start mo¬ 
tor, 44 

Three-phase motor, baking and var¬ 
nishing, 123 
balance test, 122, 126 
basket winding, 95 
characteristics, 93 
coil connections, 101 
coil taping, 98 
connecting, 99 

consequent-pole connection, 109 
construction, 93 
data taking, 95 
delta connected, 100, 103, 104 
diamond coil, 96, 97 
end plates, 94 
end room, 96 
excessively hot, 125-127 
failure to start, 125, 126, 127, 128 
gang winding, 97 
ground test, 120, 128 
groups, 101 
growler test, 122, 127 
how to recognize a connection, 
105 

insulating coils, 99 
insulating stator, 96 
jumper connections, long, 108 
short, 108 
magnetic field, 94 
odd grouping, 110-112 
open-circuit test, 121, 126 
operation, 94 
parallel connection, 105 
phases, 94 

placing coils in slots, 98-99 
polarity, 102 
polarity test, 123 
poles, 100 

pole-phase group, 101 
reconnected from two-phase, 114 
reconnecting or rewinding for fre¬ 
quency change, 118 
for speed change, 117 
for a voltage change, 116 
repairs, 124-128 
reversed-coil groups, 123 


Three-phase motor, reversed coils 
in, 122 

reversed phases, 123, 128 
reversing, 119 

rewind for speed change, 118 
rewound for voltage change, 117 
rotor, 93 

running slowly, 125, 126, 127, 128 
running improperly, 125-128 
schematic diagram, 103 
series connection, 103, 104 
single phasing, 125 
skip group connection, 104 
slots, 95, 96 

star connected, 100, 102, 103 
stator, 93 
stripping, 95, 96 

T or Scott connection, 114, 115 
testing, 120-123 
for reverses, 122 
for shorts, 122, 126 
top-to-bottom connection, 108 
top-to-top connection, 108 
troubleshooting and repair, 124- 
128 

two speed, 108-110 
two voltage, 106-108 
winding the coils, 96 
winding steps, 94 
wound rotor, 93 

Three-point starting-box, connected 
to a compound motor, 218 
to a shunt motor, 216 
holding coil, 217 
no field release, 218 
operation of, 217 
reversing switch and compound 
motor connected to, 222 
Thyratron, on alternating current, 
285 

operating a d-c motor on alter¬ 
nating current, 285 
phase-shift control, 285 
reversing a d-c motor, 286 
speed control of a d-c motor, 286 
Thyratron tube, 284 
Timing mechanism, 140, 142 
definite time, 142 
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Transformer capacitor unit, 55, 57 
Trigger-type tube, 285 
Triplex windings, 161 
Troubleshooting and repair, capaci¬ 
tor motors, 59-65 
d-c armatures, 168-185 
d-c controllers, 241-242 
d-c generators, 270 
d-c motors, 195-214 
repulsion-type motors, 83-92 
split-phase motors, 23-38 
universal motor, ,254 
Triode tube, grid, 283 
symbol, 283 

Two-phase motor, reconnected to 
three-phase, 114-115 
reversing, 119 

rewound for three-phase, 115 
windings, 113-114 

Two-speed, capacitor-start motor, 50 
Two-speed motors, controllers for, 

147-149 

split phase, 21-23 
three-phase motors, 108-110 
Two-value motors, „ 55-58, 62, 63 
Two voltage motors, capacitor, 46- 
48, 52, 57 
repulsion, 82 
repulsion induction, 82 
repulsion start, induction run, 70 
three-phase, 106-108 

U 

Undercutting, 185 
Universal motors, 243-255 
armature, 244 
bearings, 244 
characteristics, 243 
compensated, single field, 252 
stripping and winding, 252 
two field, 252 

connecting fields and armature, 
246 

construction, 244 
data taking, 247 

distributed-field compensated type, 
251 


Universal motors, end plates, 244 
fan motor, 261 
field core and coils, 244 
frame, 244 
lead throw, 248-249 
loop winding, 247 
operation, 244 
parts, 244 
polarity test, 246 
poor torque, 255 

position of leads in commutator, 
251 

repair, 255 
reversing, 247, 252 
rewinding field coils, 245 
running hot, 255 
smoking, 255 
sparking, 255 
speed control, 253 
testing, 254 

troubleshooting and repair, 254 
winding the armature, 247 
winding procedure, 250 

V 

V rings, 180-181 

Voltage and current measurement 
of d-c generator, 268 

Voltage drop, 26 

Voltage regulation of d-c genera¬ 
tors, 268 

W 

Wave winding, d-c armatures, 161- 
163 

repulsion-start, induction-run mo¬ 
tor, 70-77 

Winding, capacitor-start motor, 42 
capacitor-start-and-run motor, 58 
compensated-type field, 252 
d-c armature, 154-167 
repulsion-start, induction-run mo¬ 
tor, 73 

split-phase motor, 4, 5, 14-16 
synchronous motor, 273 
three-phase motor, 94, 96 
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Winding, two phase, 113-114 Y 

universal motors, 247, 250, 252 

Wire, bare copper, table, 289 Y connection, three-phase motor, 

Wire clamp, 167 100, 102-103 

Wire size, 12 
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